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PREFACE. 



The distinctive character of this work consists in the 
treatment of the whole Animal Kingdom as a unit; in 
the .comparative study of the development and variations 
of organs and their functions, from the simplest to the 
most complex state ; in withholding Systematic Zoology 
until the student has mastered those structural affinities 
upon which true classification is founded ; and in being 
fitted for High Schools and Mixed Schools by its lan- 
guage and illustrations, yet going far enough to constitute 
a complete grammar of the science for the undergraduate 
course of any College. . " 

It is designed solely as a manual for instruction. It is 
not a work of reference, nor a treatise. So far as a book 
is encyclopedic, it is unfit for a text-book. This is pre- 
pared on the principle of " just enough, and no more." 
It aims to present clearly, and in a somewhat new form, 
the established facts and principles of Zoology. All the- 
oretical and debatable points, and every fact or statement, 
however valuable, which is not absolutely necessary to a 
clear and adequate conception of the leading principles, 
are omitted. It is written in the light of the most recent 
phase of the science, but not in the interest of any par- 
ticular theory. To have given an exhaustive survey of 
animal life would have been not only undesirable, but 
impossible. Even Cuvier's great work must be supple- 
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merited by museums, monographs, and microscopes. Nat- 
ural History has outgrown the limits of a single book. 
Trial has proved the folly of giving the student so many 
things to learn that he has no time to understand, and the 
error of condemning the student to expend his strength 
upon the details of classification, which may change in 
the coming decade, instead of upon structure, which is 
permanent. Of course, specialists will miss many things, 
and find abundant room for criticism in what they regard 
as deficiencies ; but the work should be judged by what 
it does contain, rrfther than by what it does not. 

What is claimed, in the language of inventors, is. the 
selection and arrangement of essential principles and 
typical illustrations from the standpoint of the teacher. 
The synthetic method is employed, as being the most 
natural : to begin with complex Man, instead of the sim- 
plest forms, would give a false idea. Man is not a model, 
but a monstrosity, the most modified of Vertebrates. 
But these outlines must be filled up, on the part of the 
teacher, by lectures, and by the exhibition of specimens ; 
and, on tlie part of the student, by observation (noting, 
above all, the characteristic habits of animals), and by per- 
sonal work with the knife and microscope. No text-book 
can take the place of nature, or supersede oral instruction 
from a competent teacher. 

Suggestions and corrections from naturalists and teach- 
ers will be thankfully received. 

In a work of this character, which is but a compound 
of the labors of all naturalists, it would be superfluous to 
make acknowledgments. The works referred to on page 
397 have been specially consulted. 



EEVISER'S NOTE. 



In revising the work of Professor Orton, the writer has 
not attempted to rewrite the took nor to introduce new 
ideas. His plan has been to insert such changes as the 
author would have been likely to make if he had lived to 
revise his book. On only two points has the reviser de- 
parted from this plan of altering only minor details. The 
chapter on Development has been largely rewritten, and 
the classification of the Invertebrates has been changed 
so as to separate the worms from the Arthropoda and 
the sponges from the Protozoa. In both these cases the 
change seemed imperatively demanded by the progress of 
Zoology in those directions. It is hoped that the altera- 
tions in the book will increase its accuracy and useful- 
ness. 

Edw. a. Bibge. 

University or Wisconsin. 
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INTRODUCTION 



!• Definition of Zoplogy, and its Place among the 
Sciences. — The province of Natural History is to describe, 
compare, and classify natural objects. These objects have 
been divided into the " organic " and the " inorganic," or 
those which are, and those which are not, the products of life. 
Biology is the science of the former, and Minercdogy the sci- 
ence of the latter. Biology again separates into Botany y or the 
Natural History of Plants, and Zoology y or th^ Natural His- ' 
tory of Animals ; while Mineralogy divides into Mineralogy 
proper^ the science of mineral species, and Lithologyy the 
science of mineral aggregates or rocks. Geology is that com- 
prehensive knowledge of the earth's structure and develop- 
ment which rests on the whole doctrine of Natural History. 

If we examine a piece of chalk, and determine its physical 
and chemical characters, its mode of occurrence and its uses, 
so as to distinguish it from all. other forms of matter, we 
have its Mineralogy. But chalk occurs in vast natural befds : 
the examination of these masses — rtheir iM-igin, structure, po- 
sition, and relation to other rocks — is the work of the Li- 
thologist. Further, we observe that while chalk and marble 
are chemically alike, they widely differ in another respeat. 
Grinding a piece of chalk so thin that we can see through . 
it, and putting it under a microscope, we find imbedded in it 
innumerable bodies, about the hundredth of an inch in diame- 
ter, having a well-defined, symmetrical shape, and chambered 
like a Nautilus. We cannot say these are accidental aggre- 
gations, nor are they crystals : if the oyster-shell is formed 
by an oyster, these also must be the products of life. In- 
deed, the dredge brings up similar microscopic skeletons 
from the bottom of the Atlantic. So we conclude that chalk 
is but the dried mud of an ancient sea, the cemetery of count- 
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less animals that lived and died long ago. The considera- 
tion of their fossil remains belongs to Paleontology, or that 
part of Biology which describes the relics of extinct forms 
of life. To study the stratigraphical position of the chalk- 
bed, and by the aid of its Paleontology to determine its age 
and part in the world's history, is the business of Geology. 

Of all the sciences. Zoology is the most extensive. Its 
field is a world of varied forms — hundreds of thousands in 
number. To determine their origin and development, their 
structure, habits, distribution, and mutual relations, is the 
work of the Zoologist. But so many and far-reaching are 
the aspects under which the animal creation may be contem- 
plated, that the general science is beyond the grasp of any 
single person. Special departments have, therefore, arisen ; 
and Zoology, in its comprehensive sense, is the combined re- 
sult of the labors of many workers, each in his own line of 
research. 

Structursd Zoology treats of the organization of animals. 
There are two main branches : Anatomy^ which considers 
the constitution and construction of the animal frame ; and 
Physiology y which is the study of the apparatus in action. 
The former is separated into JEmhryology^ or an account of 
the successive modifications through which an animal passes 
in its development from the ^^^ to the adult state ; and 
Morphology y which includes all inquiries concerning the form 
of mature animals, or the form and arrangement of their or- 
gans. The microscopical examination of any part, especial- 
ly the tissues, belongs to Histology. Comparative Zoology 
is the comparison of the anatomy and physiology of all ani- 
mals, existing and extinct, to discover the fundamental like- 
ness underneath the superficial differences, and to trace the 
adaptation of organs to the habits and spheres of life. It is 
this comparative science which has led to such grand gen- 
eralizations as the unity of structure amidst the diversity of 
form in the animal creation, and by revealing the degrees of 
affinity between species has enabled us to classify them in 
natural groups, and thus laid the foundation of Systematic 
Zoology. When the study of structure is limited to a par- 
ticular class or species of animals, or to a particular organ 
or part, monographic sciences are created, as Omithotomyy 
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or anatomy of birds ; Osteology , or the science of bones ; 
and Odontography^ or the natural history of teeth. 

Systematic Zoology is the classification or grouping of ani- 
mals according to their structural and developmental rela- 
tions. The systematic knowledge of the several classes, 
as Insects, Reptiles, and Birds, has given rise to subordinate 
sciences, like MUomologyy Herp^ology, or Ornithology .^ * 

Distributive Zoology is the knowledge of the successive ap- 
pearance of animals in the order of time (Paleontology in 
part), and of the geographical and physical distribution of 
animals, living or extinct, over the surface of the earth. 

Theoretical Zoology includes those provisional modes of 
grouping facts, and interpreting them, which still stand 
waiting at the gate of science. They may be true, but we 
cannot say that they are true. The evidence is incomplete. 
Such are the theories which attempt to explain the origin of 
life and the origin of species. 

Suppose we wish to understand all about the Horse. Our 
first object is to study its structure. The whole body is en- 
closed within a hide, a skin covered with hair ; and if this 
hide be taken off, we find a great, mass of flesh or muscle, 
the substance which, by its power of contraction, enables 
the animal to move. On removing this, we have a series of 
bones, bound together with ligaments, and forming the skel- 
eton. Pursuing our researches, we find within this frame- 
work two main cavities : one, beginning in the skull and 
running through the spine, containing the brain and spinal 
marrow ; the other, commencing with the mouth, contains 
the gullet, stomach, intestines, and the rest of the apparatus 
for digestion, and also the heart and lungs. Examinations 
of this character would give us the Anatomy of the Horse, 
or, more precisely, ITippotomy, The study of the bones 
alone would be its Osteology ; the knowledge of the nerves 
would belong to Neurotomy. If we examined, under the 
microscope, the minute structure of the hair, skin, flesh, 
blood, and bone, we would learn its Mistology. The consid- 
eration of the manifold changes undergone in developing 
from the egg to the full-grown animal, would be the Emhry- 

* Numbers like this refer to the Notes at the end of the volume. 
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ology of the Horse ; and its Morphology^ the special study 
of the form of the adult animal and of its internal organs. 

Thus far we have been looking, as it were, at a steam- 
engine, with the fires out, and nothing in the boiler ; but the 
body of the living Horse is a beautifully formed, active ma- 
chine, and every part has its different work to do in the 
working of that machine, which is what we call its life. 
The science of such operations as the grinding of the food 
in the complex mill of the mouth ; its digestion in the labo- 
ratory of the stomach ; the pumping of the blood through a 
vast system of pipes over the whole body ; its purification 
in the lungs ; the process of growth, waste, and repair ; and 
that wondrous telegraph, the brain, receiving impressions, 
sending messages to the muscles, by which the animal is en- 
dowed with voluntary locomotion — this is Physiology, But 
Horses are not the only living creatures in the world ; and 
if we compare the structures of various animals, as the Horse, 
Zebra, Dog, Monkey, Eagle, and Codfish, we shall find more 
or less resemblances and differences, enough to enable us to 
classify them, and give to each a description which will dis- 
tinguish it from all others. This is the work of Systematic 
Zoology. Moreover, the Horses now living are not the only 
kinds that have ever lived ; for the examination of the 
earth's crust — the great burial-ground of past ages — reveals 
the bones of numerous horse-like animals : the study of this 
pre-adamite race belongs to Paleontology, The chronologi- 
cal and geographical distribution of species is the depart- 
ment of Distributive Zoology, Speculations about the ori- 
gin of the modem Horse, whether by special creation, or by 
development from some allied form now extinct, are kept 
aloof from demonstrative science, under the head of Theo- 
retical Zoology, 

2, History. — ^The Greek philosopher Aristotle (b.c. 384- 
322) is called the " Father of Zoology." Certainly, he is the 
only great representative in ancient times, though his fre- 
quent allusions to familiar works on anatomy show that 
something had been done before him. His " History of 
Animals," in nine books, displays a wonderful knowledge of 
external and internal structure, habits, instincts, and uses. 
His descriptions are incomplete, but generally exact, so far 
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as they go. Alexander, it is said, gave him nine hundred 
talents to collect materials, and put at his disposal several 
thousand men, for hunting specimens and procuring infor- 
mation. • 

The Romans accomplished little in natural science, though 
their military expeditions furnished unrivalled opportuni- 
ties. Nearly three centuries and a half after Aristotle, Pliny 
(a.d. 23-79) wrote his " Natural History." He was a volu- 
minous compiler, not an observer : he added hardly one new 
fact. He states that his work was extracted from over two 
thousand volumes, most of which are now lost. 

During the Middle Ages, Natural History was studied in 
the books of the ancients ; and at the close of the fifteenth 
century it was found where Pliny had left it, with the addi- 
tion of many vague hypotheses and silly fancies. Albertus 
Magnus, of the thirteenth century, and Conrad Gesner and 
Aldrovandus, of the sixteenth, were voluminous writers, not 
naturalists. In the latter half of the sixteenth century, men 
began to observe nature for themselves. The earliest note- 
worthy researches were made on Fishes, by Rondelet (1507- 
1566) and Belon (1517-1564), of France, and Salviani (1514- 
1572), of Italy. They were followed by valuable observa- 
tions upon Insects, by Bedi (1626-1698), of Italy, and Swam- 
merdam (1637-1680), of Holland ; and towards the end of 
the same century, the Dutch naturalist, Leeuwenhoeck 
(1632-1723), opened a new world of life by the use of the 
microscope. 

But there was no real advance of Systematic Zoology till 
the advent of the illustrious John Ray (1628-1705), of Eng- 
land. His " Synopsis," published in 1693, contained the first 
attempt to classify animals according to structure. Ray was 
the forerunner of "the immortal Swede," Linnaeus (1707- 
1778), "the great framer of precise and definite ideas of 
natural objects, and terse teacher of the briefest and clearest 
expressions of their differences." His chief merit was in de- 
fining generic groups, and inventing specific names.* Scarce- 
ly less important, however, was the impulse which he gave 
to the pursuit of Natural History. The spirit of inquiry, 
which his genius infused among the great, produced voyages 
of research, which led to the formation of national museums. 
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The first expedition was sent forth by George III. of Eng- 
land, in 1765. Reaumur (1683-1757) made the earliest 
zoological collection in France ; and the West Indian col- 
lections of Sir Hans Sloane (1660-1752) were the nucleus of 
the British Museum. The accumulation of specimens sug- 
gested comparisons, which eventually resulted in the high- 
est advance of the science. 

The brilliant style of Buffon (1707-1788) made Zoology 
popular not only in France, but throughout Europe. While 
the genius of Linnaeus led to classification, that of Buffon 
lay in description. He was the first to call attention to the 
subject of Distribution. Lamarck (1745-1829), of Paris, 
was the next great light. The publication of his " Animaux 
sans Vert^bres," in 1801, was an epoch in the history of the 
lower animals. He was also the first prominent advocate of 
the transmutation of species. 

But the brightest luminary in Zoology was George Cuvier 
(1769-1832), a German, bom on French soil. Before his 
time, " there was no great principle of classification. F^cts 
were accumulated, and more or less systematized, but they 
were not yet arranged according to law ; the principle was 
still wanting by which to generalize them and give meaning 
and vitality to the whole." It was Cuvier who found the 
key. He was the first so to interpret structure as to be able 
from the inspection of one bone to reconstruct the entire 
animal, and assign its position* His anatomical investiga- 
tions revealed the natural affinities of animals, and led to the 
grand generalization, that the most comprehensive groups 
in the kingdom were based, not on special characters, but on 
different plans of structure. Palissy had long ago (1580) 
asserted that petrified* shells were of animal origin ; but the 
publication of Cuvier's " Memoir on Fossil Elephants," in 
1800, was the beginning of those profound researches on the 
remains of ancient life which created Paleontology. The 
discovery of the true relation between all animals, living 
and extinct, opened a boundless field of inquiry ; and from 
that day the advance of Zoology has been unparalleled. 
Special studies of particular parts or classes of animals have 
so rapidly developed, that the history of Zoology during the 
last fifty years is the history of many sciences.' 
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STRUCTURAL ZOOLOGY. 



The first thing to be determined about a new specimen is not its name, 
but its most prominent character. Until you know an animal, care not for 
its name. — Aoassiz. 

The great benefit which a scientific education bestows, whether as train- 
ing or as knowledge, is dependent upoti the extent to which the mind of the 
student is brought into immediate contact with facts — upon the degree to 
which he learns the habit of appealing directly to Nature. — Huxley. 



COMPARATIYE ZOOLOGY. 



CHAPTEE I. 

MINERALS AND ORGANIZED BODIES DISTINGUISHED. 

Nature may be separated into two great kingdoms — 
that of mere dead matter, and that of matter under the 
influence of life.* These differ in the following points : 

( 1 ) Composition. — While most of the chemical elements 
are found in different living beings, by far the greater 
part of their substance is composed of three or four — car- 
bon, oxygen, and hydrogen ; or these three with the addi- 
tion of nitrogen. Next to these elements, sulphur and 
phosphorus are most widely distributed, though always 
found in very small quantities. The organic compounds 
belong to the carbon series, and contain three, four, or 
five elements. The former class, comprising starch, sugar, 
fat, etc., are relatively stable. The latter, possessing the 
three elements named, with nitrogen and sulphur or phos- 
phorus, are very complex, containing a very large number 
of atoms to the molecule, and are usually unstable. Here 
belong albumen, myosin, chondrin, etc., the constituents 
of the living tissues. The formula for albumen is said to 
be C^gHuaNigSOgg, or some multiple of this formula. 
These compounds also contain more or less water, and 
usually exist in a jelly-like condition, neither solid nor 
fluid. With these colloid substances alone is life associ- 
ated. Only these can undergo the rapid decomposition 
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and recomposition necessary to the manifestation of the 
vital phenomena. 

(2) Structnre. — Minerals are homogeneous, while organ- 
ized bodies are usually heterogeneous ; i. e,, composed of 
different parts, called tissues and organs, having peculiar 
uses and definite relations to one another. The tissues 
and organs, again, are heterogeneous, consisting mainly of 
microscopic cells, structures developed only by vital ac- 
tion. All the parts of an organism are mutually depend- 
ent, and reciprocally means and ends, while each part of a 
mineral exists for itself. The smallest fragment of mar- 
ble is as much marble as a mountain-mass; but the frag- 
ment of a plant or animal is not an individual. 

(3) Size and Shape. — Living bodies gradually acquire de- 
terminate dimensions; so do minerals in their perfect or 
crystal condition. But uncrystallized, inorganic bodies 
have an indefinite bulk. Most minerals are amorphous; 
crystals have regular forms, bounded, as a rule, by plane 
surfaces and straight lines ; plants and animals are cir- 
cumscribed by curved surfaces, and rarely assume accurate 
geometrical forms.* 

(4) Phenomena. — Minerals remain internally at rest, and 
increase by external additions, if they grow at all. Liv- 
ing beings are constantly changing the matter of which 
they are composed, and grow by taking new matter into 
themselves and placing it among the particles already 
present. Organized bodies, moreover, pass through a cy- 
cle of changes — ^growth, development, reproduction, and 
death. These phenomena are characteristic of living as 
opposed to inorganic bodies. All living bodies grow from 
within, constantly give up old matter and replace it by 
new, reproduce their kind, and die; and no inorganic 
body shows any of these phenomena. 
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CHAPTER II. 

PLANTS AND ANIMALS DISTINQUipHED. 

It may seem an easy matter to draw a line between 
plants and animals. Who cannot tell a Cow from a Cab- 
bage ? Who would confound a Coral with a Mushroom ? 
Yet it is impossible to assign any absolute, distinctive 
character which will divide the one mode of life from 
the other. The difficulty of defining an animal increases 
with our knowledge of its nature. Linnaeus defined it in 
three words ; a century later, Owen declared that a defi- 
nition of plants which would exclude all animals, or of 
animals which would not let in a single plant, was impos- 
sible. Each different character used in drawing the boun- 
dary will bisect the debatable ground in a different lati- 
tude of the organic world. Between the higher animals 
and higher plants the difference is apparent; but when 
we reflect how many characters the two have in common, 
and especially when we descend to the lower and minuter 
forms, we discover that the two " kingdoms " touch, and 
even dissolve into, each other. This border-land has been 
as hotly contested among naturalists as many a disputed 
frontier between adjacent nations. Its inhabitants have 
been taken and retaken several times by botanists and 
zoologists ; for they have characters that lead on the one 
side to plants, and on the other to animals. To solve the 
difficulty, some eminent naturalists, as Hackel and Owen, 
propose a fourth " kingdom," to receive those living be- 
ings which are organic, but not distinctly vegetable or 
animal. But a greater difficulty arises in attempting to 
fix its precise limits. 
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The drift of modern research points to this : that there 
are but two kingdoms of nature, the mineral and the or- 
ganized, and these closely linked together ; that the lat- 
ter must be taken as one whole, from which two great 
branches rise and diverge. " There is at bottom but one 
life, which is the whole life of some creatures, and the 
common basis of the life of all ; a life of simplest moving 
and feeling, of feeding and breathing, of producing its 
kind and lasting its day: a life which, so far as we at 
present know, has no need of such parts as we call organs. 
Upon this general foundation are built up the manifold 
special characters of animal and vegetable existence ; but 
the tendency, the endeavor, so to speak, of the plant is 
one, of the animal is another, and the unlikeness between 
them widens the higher the building is carried up. As 
we pass along the series of either [branch] from low to 
high, the plant becomes more vegetative, the animal more 
animal." " 

Defining animals and plants by their prominent char- 
acteristics, we may say that a living being which has cell- 
walls of cellulose, and by deoxidation and synthesis of its 
simple food-stuffs produces the complicated organic sub- 
stances, is a plant ; while a living being which has albu- 
minous tissues, and by oxidation and analysis reduces its 
complicated food-stuffs to a simpler form, is an animal. 
But both definitions are defective, including too many 
forms, and excluding forms that properly belong to the 
respective kingdoms. No definition is possible which 
shall include all animals and exclude all plants, or vice 
versa. 

(1) Origin. — Both branches of the tree of life start alike : 
the lowest of plants and animals, as Protococcus and. Ore- 
gaHna^ consist of a single cell. In fact, the cycle of life 
in all living beings, high or low, begins in a small, round 
particle of matter — in plants called an ovule, in animals 
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an ovum. This cell contains a semi-fluid, called proto- 
plasm, similar in composition and in function. In the 
very simplest forms the protoplasm is not enclosed by a 
membrane, but generally there is a cell-wall. In plants, 
with few exceptions, this wall is of cellulose, a substance 
akin to starch ; in animals, with few exceptions, the wall 
is a pellicle of firmer protoplasm, i. e.^ albuminous. 

(2) Composition. — Modern research has broken down the 
partition between plants and animals, so far as chemical 
nature is concerned. The vegetable fabric and secretions 
may be ternary or binary compounds; but the essential 
living parts of plants, as of animals, are quaternary, con- 
sisting of four elements — carbon, hydrogen, oxygen, and 
nitrogen. Cellulose (woody fibre), starch, and chlorophyl 
(green coloring matter) are eminently vegetable products, 
but not distinctive ; for cellulose is wanting in some plants, 
as some Fungi, and present in some animals, as Tunicates ; 
starch, under the name of glycogen, is found in the liver 
and brains of Mammals, and chlorophyl gives color to the 
fresh - water Polyp. Still, it holds good, generally, that 
plants consist mainly of cellulose, dextrine, and starch; 
while animals are mainly made up of albumen, fibrine, 
and gelatine ; that nitrogen is more abundant in animal 
tissues, while in plants carbon is predominant. 

(3) Form. — No outline can be drawn which shall be com- 
mon to all animals or all plants. The lowest members of 
both have no fixed shape. The spores of Confervae can 
hardly be distinguished from animalcules ; the compound 
and fixed animals. Sea-mat and Sea-moss (Polyzoa), and 
Corals, often resemble vegetable forms, although in struct- 
ure widely removed from plants. Similar conditions of 
life are here accompanied by an external likeness. In 
free-living animals this resemblance is not found. 

(4) Structure. — A plant is the multiplication of the unit 
— a cell with a cellulose wall. Some simple animals have 



24 COMPARATIVE ZOOLOGY. 

a similar simple ccllnlar structure ; and all animal tissues, 
while forming, are cellular. But this character, which is 
permanent in plants, is generally transitory in animals. 
In the more highly organized tissues the cells are so united 
as partly or wholly to lose their individuality, and the 
characteristic part of the tissue is the intercellular sub- 
stance, while the cells themselves are small and unimpor- 
tant, or else the cells are melted together and lose their 
dividing walls, as in striped muscles and in nerves. Ex- 
cepting the lowest forms, animals are more composite than 
plants, i. e.y their organs are more complex and numerous, 
and more specially devoted to particular purposes. Rep- 
etition of similar parts is a characteristic of plants ; and 
when found in animals, as the Angle-worm, is called vege- 
tative repetition. Differentiation and specialization are 
characteristic of animals. Most animals, moreover, have 
fore-and-aft polarity ; in contrast, plants are up-and-down 
structures, though in this respect they are imitated by 
radiated animals, like the Star-fish. Plants are continually 
receiving additional members ; most animals soon become 
perfect. 

(6) Physiology. — In their niodes of nutrition, plants and 
animals stand widest apart. A plant in the seed and an 
animal in the egg exist in similar conditions: in both 
cases a mass of organic matter accompanies the germ. 
When this supply of food is exhausted, both seek nourish- 
ment from without. But here analogy ends: the plant 
feeds on mineral matter, the animal on organic. Plants 
have the power to form chlorophyl, the green coloring 
matter of leaves, which uses the force of the sunlight to 
form starch out of the inorganic substances — carbon-di- 
oxide and water. They are able also to form albuminoid 
matter out of inorganic substances. A very few animals 
which have a substance identical with or allied to chloro- 
phyl have the same power,' but in general animals are de- 
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pendent for their food on the compounds put together in 
plants. Colorless plants, possessing no chlorophjl, feed, 
like animals, on organic compounds. No living being is 
able to combine the simple elements — carbon, oxygen, hy- 
drogen, and nitrogen — into organic compounds. 

The food of plants is gaseous (carbon dioxide and am- 
monia) or liquid (water), that of animals usually more or 
less solid. The plant, then, absorbs these foods through 
its outer surface, while the animal tak^ its nourishment 
in larger or smaller masses, and digests it in a special cav- 
ity. A few exceptions, however, occur on both sides. 
Certain moulds seem to swallow their food, and certain 
animals, as the tape-worm, have no digestive tract. 

Plants are ordinarily fixed, their food is brought to 
them, and a large share of their work, the formation of 
organic compounds, is done by the force of the sunlight; 
while animals are usually locomotive, must seek their 
food, and are unable to utilize the general forces of nature 
as the plant does. The plant is thus able to grow much 
more than the animal, as very little of the nourishment 
received is used to repair waste, while in most animals the 
time soon comes when waste and repair are approximately 
equal. But in both all work done is paid for by waste of 
substance already formed. 

In combining carbon dioxide and water to form starch 
the plant sets oxygen free {Q{C0^) + 5{'Hfi) = C^'a^Q0i,+ 
6(02)) : in oxidizing starch or other food the animal uses 
oxygen and sets carbon dioxide free. The green plant in 
the sunlight, then, gives off oxygen and uses carbon diox- 
ide, while plants which have no chlorophyl, at all times, 
and all plants in the darkness, use oxygen and give off 
carbon dioxide, like an animal. Every plant begins life 
like an animal — a consumer, not a producer : not till the 
young shoot rises above the soil, and unfolds itself to the 
light of the sun, at the touch of whose mystic rays chlo- 
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rophyl is created, does real, constructive vegetation begin ; 
then its mode of life is reversed — carbon is retained and 
oxygen set free. 

Most plants, and many animals, multiply by budding 
and division; on both we practise grafting; in both the 
cycle of life comes round again to the ovule or ovum. 
Do annuals flower but to die? Insects lay their eggs in 
their old age. 

Both animals and plants have sensibility. This is one 
of the fundamental physiological properties of proto- 
plasm. But in plants the protoplasm is scattered and 
buried in rigid structures : feeling is, therefore, dull. In 
animals, the protoplasm is concentrated into special or- 
gans, and so feeling, like electricity rammed into Leyden 
jars, goes off with a flash." Plants never possess conscious- 
ness or volition, as the higher animals do. 

The self-motion of animals and the rooted state of plants 
is a very general distinction ; but it fails where we need it 
most. It is a characteristic of living things to move. The 
protoplasm of all organisms is unceasingly active.' Be- 
sides this internal movement, myriads of plants, as well 
as animals, are locomotive. Rambling Diatoms, writhing 
Oscillaria, and the agile spores of Cryptogams crowd our 
waters, their instruments of motion (cilia) being of the 
very same character as in microscopic animals; while 
Sponges, Corals, Oysters, and Barnacles are stationary. 
A contractile vesicle is not exclusively an animal prop- 
erty, for the fresh -water Volvox and Gonium have it. 
The act of muscular contraction in the highest animal is 
due to thc'Same kind of change in the form of the cells of 
the ultimate fibrillse as that which produces the sensible 
motions of plants. The ciliary movements of animals 
and of microscopic plants are precisely similar, and in 
neither case indicate consciousness or self - determining 
power. 
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Plants, as well as animals, need a season of repose. 
Both have their epidemics. On both, narcotic and acrid 
poisons produce analogous results. Are some animals 
warm-blooded? In germination and flowering, plants 
evolve heat — the stamens of the Arum, e, g,^ showing a 
rise of 20°. In a sense, an Oak has just as much heat as 
an Elephant, only the miserly tree locks up the sunlight 
in solid carbon. 

At present, any boundary of the Animal Kingdom is 
arbitrary. " Probably life is essentially the same in the 
two kingdoms ; and to vegetable life, faculties are super- 
added in the lower animals, some of which are, here and 
tliere, not indistinctly foreshadowed in plants." " It must 
be said that there are organisms whiph at one period of 
their life exhibit an aggregate of phenomena such as to 
justify us in speaking of them as animals, while at another 
they appear to be as distinctly vegetable." 



CHAPTER III. 

RELATION BETWEEN MDTERALS, PLANTS, AND ANIMALS. 

There are no independent members of creation: all 
things touch upon one another. The matter of the living 
world is identical with that of the inorganic. The plant, 
feeding on the minerals, carbon dioxide, water, and am- 
monia, builds them up into complex organic compounds, 
as starch, sugar, gum, cellulose, albumen, fibrine, caseine, 
and gluten. When the plant is eaten by the animal, these 
substances are used for building up tissues, repairing 
waste, laid up in reserve as glycogen and fat, or oxi- 
dized in the blood to produce heat. The albuminoids are 
essential for the formation of tissues, like muscle, nerve, 
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cartilage ; but the ternary componnds help in repairing 
waste, while both produce heat. When oxidized, whether 
for work or warmth, these complex compounds break up 
into the simple compounds — water, carbon dioxide, and 
(ultimately) ammonia, and as such are returned to earth 
and air from the animal. Both plant and animal end 
their life by going back to the mineral world: and thus 
the circle is complete — from dust to dust. Carbonate of 
ammonia and water, a blade of grass and a horse, are but 
the same elements differently combined and arranged. 
Plants compress the forces of inorganic nature into chem- 
ical compounds ; animals liberate them. Plants produce ; 
animals consume. The work of plants is synthesis, a 
building-up ; the work of animals is analysis, or destruc- 
tion. The tendency in plants is deoxidation; the tenden- 
cy in animals is oxidation. Without plants, animals would 
perish; without animals, plants had no need to be. There 
is no plant which may not serve as food to some animal. 



CHAPTER IV. 

LIFE. 

All forces are known by the phenomena which they 
cause. So long as the animal and plant were supposed to 
exist in opposition to ordinary physical forces or indepen- 
dently of them, a vital force or principle was postulated 
by which the work of the body was performed. It is now 
known that most, if not all, of the phenomena manifested 
by a living body are due to one or more of the ordinary 
physical forces — heat, chemical aflSnity, electricity, etc. 
There is no work done which demands a vital force. 

The common modern view is that vitality is simply a 
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collective name for the sum of the phenomena displayed 
by living beings. It is neither a force nor a thing at all, 
but is an abstraction, like goodness or sweetness ; or, to 
use Huxley's expression, to speak of vitality is as if one 
should speak of the horologity of a clock, meaning its 
time-keeping properties. 

A third theory is still possible. The combination of 
elements into organic cells, the arrangement of these cells 
into tissues, the grouping of these tissues into organs, and 
the marshalling of these organs into plans of structure, 
call for some further shaping, controlling power to effect 
such wonderful co-ordination. Moreover, the manifesta- 
tion of feeling and consciousness is a mystery which no 
physical hypothesis has cleared up. The simplest vital 
phenomenon has in it something over and above the known 
forces of the laboratory." If the vital machine is given, 
it works by physical forces ; but to produce it and keep 
it in order needs, so far as we now know, more than mere 
physical force. To this controlling power we may apply 
the name vitality. 

Life is exhibited only under certain conditions. One 
condition is the presence of a physical basis called proto- 
plasm. This substance is found in all living bodies, and, 
so far as we know, is similar in all — a viscid, transpar- 
ent, homogeneous, or minutely granular, albuminoid mat- 
ter. Life is inseparable from this protoplasm; but it is 
dormant unless excited by some external stimulants, such 
as heat, light, electricity, food, water, and oxygen. Thus, 
a certain temperature is essential to growth and motion ; 
taste is induced by chemical action, and sight by luminous 
vibrations. 

The essential manifestations of animal life may be re- 
duced to three: contractility; sensibility^ or the peculiar 
power of receiving and transmitting impressions ; and the 
power of assimilating food. All these powers are pos- 



30 COMPARATIVE ZOOLOGY. 

sessed by protoplasm, and so by all animals: all move, 
feel, and grow. But some of the lowest forms are with- 
out the slightest trace of organs ; they seem to be as per- 
fectly homogeneous and structureless as a drop of jelly. 
They could not be more simple. They are devoid of 
muscles, nerves, and stomach; yet they have all the fun- 
damental attributes of life — moving, feeling, and eating. 
It has been supposed that the muscular and nervous mat- 
ter is diffused in a molecular form ; but all we can say is, 
that the highest power of the microscope reveals no organ- 
ized structure whatever — i. «., there are no parts set apart 
for a particular purpose, but a fragment is as good as the 
whole to perform all the functions of life. The animal 
series, therefore, begins with forms that feel without 
nerves, move without muscles, and digest without a stom- 
ach : in other words, life is the cause of organization^ not 
the result of it. Animals do not live because they are or- 
ganized, but are organized because they are alive. 



CHAPTER V. 

ORGANIZATION. 



We have seen that the simplest life is a formless speck 
of protoplasm, without distinctions of structure, and there- 
fore without distinctions of function, all parts serving all 
purposes — mouth, stomach, limb, and lung — indiscrimi- 
nately. There is no separate digestive cavity, no separate 
respiratory, muscular, or nervous systems. Every part 
will successively feed, feel, move, and breathe. Just as in 
the earliest state of society all do everything, each does 
all. Every man is his own tailor, architect, and lawyer. 
But in the progress of social development the principle of 
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the division of labor emerges. First comes a distinction 
between the governing and governed classes ; then follow 
and multiply the various civil, military, ecclesiastical, and 
industrial occupations. 

In like manner, as we advance in the animal series, we 
find the body more and more heterogeneous and complex 
by a process of differentiation^ i. <?., setting apart certain 
portions of the body for special duty. In the lowest 
forms, the work of life is carried on by very simple appara- 
tus." But in the higher organisms every function is per- 
formed by a special organ. For example, contractility, 
at first the propertjof the entire animal, becomes centred 
in muscular tissue; respiration, which in simple beings 
is effected by the whole surface, is specialized in lungs 
or gills ; sensibility, from being common to the whole or- 
ganism, is handed over to the nerves. An animal, then, 
whose body, instead of being uniform throughout, is made 
up of different parts for the performance of particular 
functions, is said to be organized. And the term is as ap- 
plicable to the slightly differentiated cell as to complex 
Man. Organization is expressed by single cells, or by 
their combination into tissues and organs. 

1. Cells. — A cell is the simplest form of organized life. 
In general, it is a microscopic globule, consisting of a del- 
icate membrane enclosing a minute por- 
tion of protoplasm. The very simplest 
kinds are without granules or signs of 
circulation; but usually the protoplasm 
is granular, and contains a defined sep- 
arate mass called the nucleus j within 
which are sometimes seen one or two, 

- - , - , T Fig. 1.— Parts of a Cell : 

rarely more, dark, round specks, named o,»,y,ceii-waii; p,iiu- 
nucleoli. The enveloping membrane is *^^'"*** «,"acieoius. 
extremely thin and transparent, and structureless: it is 
only an excretion of dead matter acting as a boundary to 
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the cell-contents." The nucleus is generally attached to 
the inside of the membrane, and is the centre of activity. 

Cells vary greatly in size, but are generally invisible to 
the naked eye, ranging from -^ to ^oooo ^^ s-" i"ch in' 
diameter. About 4000 of the smallest would be necessary 
to cover the dot of this letter i. The natural form of iso- 
lated cells is spherical ; but when they crowd each other, 
as seen in bone, cartilage, and muscle, their outlines be- 
come angular, either hexagonal or irregular. 

Within the narrow boundary of a simple sphere, the 
cell-membrane, are exhibited all the essential phenomena 
of life — growth, development, and reproduction. The 
physiology of these minute organisms is of peculiar inter- 
est, since all animal structure is but the multiplication of 
the cell as a unit, and the whole life of an animal is that 
of the cells which compose it: in them and by them all 
its vital processes are carried on." 

The structure of a cell can be seen in blood-corpuscles, 
by diluting with a weak {i per cent.) solution of salt a 
drop of blood from a Frog, and placing it under the mi- 
croscope. (See Fig. 63.) 

2. Tissues. — There are organisms of the lowest grade 
(as Gregarina) which consist of a single cell, living for and 
by itself. In this case, the animal and cell are identical: 
the Oregarina has as much individuality as the Elephant. 
But all animals, save these unicellular beings, are mainly 
aggregations of cells : for the various parts of a body are 
not only separable by the knife into bones, muscles, nerves, 
etc., but these are susceptible of a finer analysis by the 
microscope, which shows that they arise from the devel- 
opment and union of cells. These cellular fabrics, called 
tissices, differ from one another both chemically and struct- 
urally, but agree in being permeable to liquids — a prop- 
erty which secures the flexibility of the organs so essential 
to animal life. Every part of the human body, for exam- 
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pie, is moist: even the hairs, nails, and cuticle contain 
water. The contents as well as the shape of the cells are 
usually modified according to the tissue which they form : 
thus, we find cells containing earthy matter, iron, fat, mu- 
cus, etc. 

In plants, the cell always retains the characters of the 
cell; but in animals (after the embryonic period) the cell 
usually undergoes such modifications that the cellular form 
disappears. The cells are connected together or enveloped 
by an intercellular substance {blastema), which may be 
watery, soft, and gelatinous, firmer and tenacious, still 
more solid and hyaline, or hard and opaque. In the fluids 
of tlie body, as the blood, the cells are separate ; i. ^., the 
blastema is fluid. But in the solid tissues the cells coa- 
lesce, being simply connected, as in the epidermic, or united 
into fibres and tubes. 

In the lowest forms of life, and in all the higher ani- 
mals in their embryonic state, the cells of which they are 
composed are not transformed into differentiated tissues: 
definite tissues make their first appearance in the Sponges, 
and they differ from one another more and more widely 
as we ascend the scale of being. In other words, the bod- 
ies of the lower and the immature animals are more uni- 
form in composition than the higher or adult forms. In 
the Vertebrates only are all the following tissues found 
represented : 

(1) EpitheUal Tissue. — This is the simplest form of cellu- 
lar structure. It covers all the free surfaces of the body, 
internal and external, so that an animal may be said to be 
contained between the walls of a double bag. That which 
is internal, lining the mouth, windpipe, lungs, blood-ves- 
sels, gullet, stomach, intestines — in fact, every cavity and 
canal — is called epithelium. It is a very delicate skin, 
formed of flat or cylindrical cells, and in some parts (as in 
the wind-pipe of air-breathing animals, and along the gills 

3 
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of the Oyster) is covered with cilia, or minnte hairs, aboat 
^T^ of an inch long, which are incessantly moving. Con- 
tinuous with this in- 
ner lining of the 
body (as seen on the 
■' ~~J ^^,^^ ''^ ^^^^ lip), and covering 
I the outside, is the 
^ddermia, or cuti- 
cle. It is the outer 
[ layer of the " skin," 
wliich we can re- 

Fi«.8.-VarioaBlilndBOfKpithelloniCelle!«,eolnm. "'OVe by a bHstOr, 

nsr, from smull liilesilnei 3, ii ginglB cell, shnvring j  "W" varifisin 

nndens: *. cillited, frnm one of the EmM air. ^'"' '" "^^^ VaneS m 

laSes: tf,ttiesBme, from the wlnflplpe, with Blngle tbickneSS from -Ait 

cell magnifled About 900 times; e.eqniimaiis, from ^<*'' 

Bjelid of a calf, ehowlDg changea of furm, from the of an inch On the 

deep to Biiperllcla] callB, 1 being Ibe scurf. u i i i ■.!_ 

cheek to iV on the 
sole of the foot. It is constantly wearing oft at the sur- 
face, and as constantly growing in the deeper portion ; and 
in the process of growth and passage outward, the cells 
change from the spherical form to dead horny scales (seen 
in scurf and dandrufE). In the lower layer of the cuticle 
we find the pigment cells, characteristic of colored races. 
Neither the epidermis nor the corresponding tissue within 
(epithelium) has any blood-vessels or nerves. The epithe- 
lial tissue, then, is simply a superficial covering, bloodless 
and insensible, protecting the more delicate parts under- 
neath. Hairs, horns, hoofs, nails, claws, corns, beaks, scales, 
tortoise-shell, the wings of Insects, etc., are modifications 
of the epidermis. 

The next three sorts of tissue are characterized by a 
great development of the intercellnlar substance, while 
the cells themselves are very slightly modified. 

(S) ConneoUTe Tisane. — This is the most extensive tissue 
in animals, as it is the great connecting medium by which 
the different parts are held together. Could it be takep 
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ont entire, it would be a complete mooM of all tlie orgauB. 
It surronndB the bones, ninsclee, blood-TeB6e)e, nerves, and 
glands, and is the substance 
of the ligaments, tendons, 
"true skin," mucous mem- 
brane, etc. It varies in 
character, being soft, ten- 
der, and elastic, or dense, 
tough, and generally tin- 
jielding. In the former 
state, It consists of innu- 
merable fine white and yel- 
low fibres, which interlace 

all directions, leaving Fie. a— ConnectiTe Tieaue, ehowlng arenUr 

rregular spaces, and form- ""' 

ing a loose, spongy, moist web. In the latter, the fibres 



Fie. 4 — ConnecllTe Tlune rrom hamsn peritoneum; h<i;hl7 magntflsd; a, blood- 
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are condeneed into sheets or parallel cords, having a wavy, 
glisteniDg appearance. Sach structures are the fascite and 
tendons. Connective tieene is not very sensitive. It con- 
tains gelatine — the matter which tans when hide is made 
into leather. In this tissue the intercellular substances 
take the form of fibres. The white fibres are inelas- 
tic, and from ^HB og to ttwo of an inch in diameter. 
They are best seen in the tendons. The yellow fibres are 
elastic, curled at the ends, very long, 
and from tttttt to ^p'oo of an inch in 
diameter. They are shown in the 
hinge-ligament of an Oyster, Connec- 
tive tissue appears areolar, i, e., shows 
Fio B -HyaiiiieCfltiiiBBe interspaccs, ouly under the microscope. 
Dij^: o. taritiag; ,3} cartUagiiiotis Tissue.— This tissae. 
Mil; *, cell »bonl to dl- , . - 1 <, 

Tide ;", cell divided Into Kuown also as "gristle, IS composed 

The'epace between^he oi cclls imbedded in a granular or hy- 
^«nnnl^JiiDi'.I^DbI *''°« substance, which is dense, elastic, 
Muicc! higbir magni- bluish whlts, and translucent. It is 
found where strength, elasticity, and 
insensibility are wanted, as at the 
joints. It also takes the place of the 
long bones in the embryo. When 
cartilage is mixed with connective tis- 
sue, as in the ear, it is caXX&A jibro-car- 
tilage. 

(4) Osseons Tissue. — This hard, opaque 
tissue, called " bone," differs from the 
former two in having the intercellnlar 
spaces or meshes filled with phosphate 
of lime and other earths, instead of a 
' hyaline or fibrons substance. It may 
Fio.8.-OMi(yiiiB Cam- ]jg called petrified tissue — the quantity 
teiiB, passing inio com- of earthy matter, and therefore the brit- 

pact boD«t C| and tben 

spongy boDe, <. tlcncss of the bonc, increasing with the 
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age of the animal. If a chicken-bone be left in dilute 
mnriatic acid several days, it may be tied into a knot, eince 
the acid has dissolved 
the lime, leaving noth- 
ing but cartilage and 
connective tisane. If a 
bone be burned, it be- 
comes light, porons, and 
brittle, the lime atone 
remaining." 

Bone is a very vas- 
cular tissue ; that is, it 
is traversed hy minute 
blood-vesselsand nerves, ^ . ^ , , „ ™ 

' Fio. I.— Trainrerae sscticm of a Boiw (Haauui •  
which pass through a Femar), X BO, ■bawlDE Havsnlfta ranala. 

net-work of tubes, called Hameraian canals. The canals 
average y,^ of an inch, being finest near the surface of 
the bone, and larger further in, where they form a cancel- 
lated or spongy structure, and finally merge (in the long 
bones) into the central 
cavity, containing the 
marrow. Under the 
microscope, each canal 
appears to be the cen- 
tre of a multitude of 
kmiincB, or plates, ar^ 
ranged aronnd it. Ly- 
ing between these plates 
are little cavities, called 
lacimcE, from which ra- 
diate exceedingly fine 

Pia. a-Frantal Bone of Human Sknll Diidn Ifas porCS, Or CanollGtM. 

mi«oMope,.ba»i«2i.oii>i»dc.»BUcoiL Tfjggg represent the 
original cells of the hone, and differ in shape and size in 
different animals. 
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Trae bone is found only in Vertebrates, or back-boned 
animals. 

(51 Dental Tissue. — Like bone, a tooth is a combination 
of earthy and animal matter. It may be called petrified 
skin. In the higher animals, it coneiste of three parts: 
dentine, forming the body of the tooth, and always pres- 
ent; cjMimeZ, capping the crown ; and cem^»i, covering the 
fangs (Fig. 31). The last is true bone, or osseous tissue. 



Tib. 9.— Highly magnifled eectlon of 1 
Malui a,6,iDBrkB oTtbe otigim 
inlliBTerjMnflitlve.modlfledlajer,^; n, cemeut 

Dentine resembles bone, but difEers in having neither la- 
cunffi nor (save in Shark's teeth) caiialiculi. It ebows, in 
place of the former, innumerable parallel tubes, reaching 
from the outside to the pulp-cavity within. The " ivory " 
of Elephants consista of dentine. Enamel is the hardest 
substance in the body, and is composed of minute eix-sided 
fibres, set closely together. It is want- 
ing in the teeth of most Fishes, Snakes, 
Sloths, Armadillos, Sperm-whales, etc. 
True dental tissne Js confined to 
Vertebrates. 

(0) Adipose Tissue. — Certain cells be- 
come greatly enlarged and filled with 
fat, so that the original protoplasm oc- 
cupies a very small part of the space 
within the cell-membrane. These cells 
no.io.-Adipo«e'riBanB,a; are United into masses by connective 
witb flbres of connsollve , . i i . , 

aaaii,b. tissue, in the skin (as in the "blub- 
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ber" of whales), between the muacles (aa in "streaky" 
meat), or in the abdominal cavity, in the omentom, mes- 
entery, or about the kidneys. The marrow of bones is an 
example. Globules of fat occur in many Molluscs and 
Insects; bat true adipose tissue is found only in back- 
boned animals, particularly the herbivorous. In the aver- 
age Man, it constitutes about t^ part of his weight, and a 
single Whale has yielded 120 tons of oil. The fat of 
animals has the different names of oil, lard, tallow, suet, 
spermaceti, etc. It is a reserve of uutriment in excess of 
consumption, serving also as a packing material, and as 
a protection against cold. 

(•?) Muscular Tissue. — If we examine a piece of lean meat, 
we find it is made up of a number oi faseitMU, or bundles 
of fibres, placed side by 
side, and bound together 
by connective tissue. The 
microscope informs us 
that each fibre is itself a 
bundle of smaller fibres ; 
and when one of these is 
more closely examined, 
it is found to be enclosed 
in a delicate, glossy tube, 
called the earoc^^mma. 
This tube is filled with 

. ^ „ , Fio.ll.-Striated Muscular Fibre (of the Re), 

very mmute, parallel x'm. TbecouBtUaeulflbreesreBOenata- 

fibrils, averaging ^A^ = i» a r«cM„«. or b.»die. 

of an inch in diameter, and having a striated aspect. 

Tissue of this description constitutes all ordinary muscle, 

or " lean meat," and is marked by regular cross-liues, or 

stri(s. 

Besides this striated muscular tissue, there exist, in the 
coats of the stomach, intestines, blood-vessels, and some oth- 
er parts of Vertebrates, smooth muscular fibres, or mem- 
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branes, vhich show a nnclens under the microscope, and 
do not break up into fibrils (Fig. 122). The gizzards of 
fowls exhibit this form. 

All mascle has the property of shorten- 
ing itself when excited ; but the contraction 
of the striated kind is under the control of 
the will, while the movement of the smooth 
fibres is involuntary." Muscles are well sup- 
plied with arteries, veins, and nerves ; but 
the color is due to a peculiar pigment, not 
to the blood. 

MuBcnlar tissue is fonnd in all animals 
from the Coral to Man. 

(8) Nervons Tissue. — Nervous matter exists 
under three forms : First — the ceUidar, con- 
is. — siri ted ^'^''"S **' nucleated cells, varying from taort 
MuKoiar sib™, to -^ of an iuch in diameter, and found in 
' Hbh, dirided by the nerve-centrcs (Fig. 132), the gray por- 
totoM^airSlI! tion of the brain, spinal cord, and other gan- 
ciwied portions, gij^. gecoud — thsjihrous, consisting of pale, 
flat, extremely fine filaments. They abound in the sympa- 
thetic nerves, and are the only nerves found in the Inverte- 
brates. Third — the tuhdar. These are much ^ 
larger than the fibrous, the coarsest being *J. . 
ibVu of Ati inch in diameter. They consist ;Ji | 
of tubes enclosing a transparent fibre and a ^ | 
fatty substance called the nerve- marrow." |^9 
The delicate tnbe itself is called Tieui'U&m- " 
. ma, analogous to the sarcolemma of mus- ^"r '^l^'i^e*^-"" 
cular tissue. Nerve -tubes are found only "hemb, or nsort- 
in back - boned animals, in the white snb- miair iiibBUnM 
stance of the brain, spinal, cord, and in the Xt^t cj\\^^i, ot 
nerves. primitiv« h«.d. 
A bnndle of fibrous or tubular nervous matter, sur- 
rounded by connective tissue, oonstitntes a nerve. 
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3. Organs, and their Functions. — Animals, like Plants, 
grow, feel, and move ; these three are the capital facts of 
every organism. Besides these there may be some pecul- 
iar phenomena, as motion and will. 

Life is manifested in certain special operations, called 
functions, performed by certain special parts, called or- 
gans. Thns, the stomach is an organ, whose f anction is 
digestion. A single organ may manifest vitality, but it 
does not (save in the very lowest forms) show forth the 
whole life of the animal. For, in being set apart for a 
special pnrpose, an organ takes npon itself, so to speak, to 
do something for the benefit of the whole animal, in return 
for which it is absolved from doing many things. The 
stomach is not called npon to circulate or purify the blood. 

There may be functions without special organs, as the 
Araosba digests, respires, moves, and reproduces by its 
general mass. Bnt, as we ascend the scale of animal life, 
we pass from the simple to the complex : groops of cells 
or tissues, instead of being repetitions of each other, take 
on a difference, and become distinguished as special parts 
with specific duties. The higher the rank of the animal, 
the more complicated the oi^ns. The more complicated 
the structure, the more complicated the functions. Bat in 
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all animals, the functions are performed under conditions 
essentially the same. Thus, respiration in the Sponge, the 
Fish, and in Man has one object and one means, though 
the methods differ. A function, therefore, is a group of 
similar phenomena effected by analogous structures. 

The life of an animal consists in the accumulation and 
expenditure of force. The tissues are storehouses of 
power, which, as they waste, is given off in various forms. 
Thus, the nervous tissue generates nerve-force ; the mus- 
cles, motion. If we contemplate the phenomena presented 
by a Dog, the most obvious fact is his power of moving 
from place to place, a power produced by the interplay of 
muscles and bones. We observe, also, that his motions 
are neither mechanical nor irregular; there is method in 
his movement. He has the power of willing, seeing, hear- 
ing, feeling, etc. ; and these functions are accomplished by 
a delicate apparatus of nerves. 

But the Dog does not exhibit perpetual motion. Sooner 
or later he becomes exhausted, and rest is necessary. Sleep 
gives only temporary relief. In every exercise of the 
muscles and nerves there is a consumption or waste of 
their substance. The blood restores the organs, but in 
time the blood itself needs renewal. If not renewed, the 
animal becomes emaciated, for the whole body is laid un- 
der contribution to furnish a supply. Henoe the feelings ' 
of hunger and thirst, impelling the creature to seek food. 
Only this will maintain the balance between waste and 
repair. We notice, therefore, an entirely different set of 
functions, involving, however, the use of motion and will. 
The Dog seizes a piece of meat, grinds it between its 
teeth, sends it into the stomach, where it is digested, and 
then into the intestine, where it is further changed ; there 
the nourishing part is absorbed, and carried to the heart, 
which propels it through tubes, called blood-vessels, all 
over the body. In this process of digestion, certain fluids 
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are required, as saliva, gastric juice, and bile : these are 
secreted by special organs, called glands. Moreover, since 
not all the food eaten is fitted to make blood, and as the 
blood itself, in going around the body, acts like a scaven- 
ger, picking up worn-out particles, we have another func- 
tion, that of excretion, or removal of useless matter from 
the system. The kidneys and lungs do much of this ; but 
the lungs do something else. They expose the blood to 
the air, and introduce oxygen, which, we shall find, is 
essential to the life of every animal. 

These centripetal and centrifugal movements in the 
body — throwing in and throwing out — are so related and 
involved, especially in the lower forms, that they cannot 
be sharply defined and classified. It has been said that 
every Dog has two lives — a vegetative and an animal. 
The former includes the processes of digestion, circulation, 
respiration, secretion, etc., which are common to all life ; 
the functions of the other, as motion, sensation, and will, 
are peculiar to animals. The heart is the centre of the 
vegetative life, and the brain is the centre of the animal 
life. The aim of the vegetative organs is to nourish the 
individual, and reproduce its kind; the organs of locomo- 
tion and sense establish relations between the individual 
and the world without. The former maintain life; the 
others express it. The former develop, and afterwards 
sustain, the latter. The vegetative organs, however, are 
not independent of the animal; for without muscles and 
nerves we could not procure, masticate, and digest food. 
The closer the connection and dependence between these 
two sets of organs, the higher the rank." 

All the apparatus and phenomena of life may be in- 
cluded under the heads of 

NuTEmoN, 

Motion, 

Sensation. 
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These three are possessed by all animals, but in a vari- 
ety of ways. No two species have exactly the same mech- 
anism and method of life. We must learn to distinguish 
between what is vital and what is only accessory. That 
only is essential to life which is common to all forms of 
life. Our brains, stomachs, livers, hands, and feet are 
luxuries. They are necessary to make us human, but not 
living, beings. Half of our body is taken up with a com- 
plicated system of digestion ; but the Amoeba has neither 
mouth nor stomach. We have an elaborate apparatus of 
motion ; the Oyster cannot stir an inch. 

Nutrition^ Motion^ and Sensation indicate three steps 
up the grade of life. Thus, the first is the prominent 
function in the Coral, which simply " vegetates," the pow- 
ers of moving and feeling being very feeble. In the 
higher Insect, as the Bee, there is great activity with sim- 
ple organs of nutrition. In the still higher Mammal, as 
Man, there is less power of locomotion, though the most 
perfect nutritive system ; but both functions are subordi- 
nate to sensation, which is the crowning development. 

In studying the comparative anatomy and physiology 
of the animal kingdom, our plan will be to trace the vari- 
ous organs and functions, from their simplest expression 
upward to the highest complexity. Thus Nutrition will 
begin with absorption, which is the simplest method of 
taking food; going higher, we find digestion, but in no 
particular spot in the body; next, we see it confined to a 
tube ; then to a tube with a sac, or stomach; and, finally, 
we reach the complex arrangement of the higher animals. 
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CHAPTEK VI. 

NUTRITION. 

Nutrition is the earliest and most constant of vital op- 
erations. So prominent is the nutritive apparatus, that 
an animal has been likened to a moving sac, organized to 
convert foreign matter into its own likeness, to which the 
complex organs of animal life are but auxiliaries. Thus, 
the bones and muscles are levers and cords to carry the 
body about, while the nervous system directs its motions 
in quest of food. 

The objects of nutrition are growth, repair, and propa- 
gation. The first object of life is to grow, for no animal 
is born finished. Some animals, like plants, grow as long 
as they live ; " but the majority soon attain a fixed size. 
In all animals, however, without exception, food is wanted 
for another purpose than growth, namely, to repair the 
waste which is constantly going on. For every exercise 
of the muscles and nerves involves the death and decay 
of those tissues, as shown by the excretions. The amount 
of matter expelled from the body, and the amount of nour- 
ishment needed to make good the loss, increase with the 
activity of the animal. The supply must equal the de- 
mand, in order to maintain the life of the individual; and 
as an organism can make nothing, it must seek it from 
without. Not only the muscles and nerves are wasted by 
use, but every organ in the body ; so that the whole struct- 
ure needs constant renewal. An animal begins to die the 
moment it begins to live. The function of nutrition, 
therefore, is constructive^ while motion and sensation are 
destncctwe. 
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Another source of demand for food is the production of 
germs, to propagate the race, and the nourishment of such 
offspring in the egg and infantile state. This reproduc- 
tion and development of parts which can maintain an in- 
dependent existence is a vegetatwe phenomenon (for plants 
have it), and is a part of the general process of Nutrition. 
But it will be more convenient to consider it hereafter 
(chapters xix., xx.). Still another necessity for aliment 
among the higher animals is the maintenance of bodily 
heat. This will be treated under the head of Eespiration. 

For the present, we will study Nutrition, as manifested 
in maintaining the life of an adult individual. 

In all animals, this process essentially consists in the in- 
troduction offood^ its conversion into tissue^ its oxidation, 
and the removal of worn-out material. 

1. The food must be procured, and swallowed. (Inges- 
tion.) 

2. The food must be dissolved, and the nutritious parts 
separated into a fluid. (Digestion.) 

3. The nutritive fluid must be carefully taken up, and 
then distributed all over the body. (Absorption and Cir- 
culation.) 

4. The tissues must repair their parts wasted by use, 
by transforming particles of blood into living matter like 
themselves. (Assimilation.) 

5. Certain matters must be strained from the blood, 
some to serve a purpose, others to be cast out of the sys- 
tem. (Secretion and Excretion.) 

6. In order to produce work and heat, the food must be 
oxidized, either in the blood or in the tissues, after assimi- 
lation. The necessary oxygen is obtained through expos- 
ure of the blood to the air in the lungs. (Respiration in 
part.) 

7. The waste products of this oxidation taken up by 
the blood must be got rid of; some from the lungs (car- 
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bon dioxide, water), some from the kidneys (water, urea, 
mainly), some from the skin (water, salines). (Respira- 
tion in part. Excretion.) 

The mechanism to accomplish all this in the lowest 
forms of life is exceedingly simple, a single cavity and 
surface performing all the functions. But in the major- 
ity of animals the apparatus is very complicated: there is 
a set of organs for the prehension of food ; another, for 
digestion ; a third, for absorption ; a fourth, for distribu- 
tion ; and a fifth, for purification. 



CHAPTER VII. 

THE FOOD OF ANIMALS. 

The term food includes all substances which contribute 
to nutrition, whether they simply assist in the process, or 
are actually appropriated, and become tissue. With the 
food is usually combined more or less indigestible matter, 
which is separated in digestion. 

Food is derived from the mineral, vegetable, and animal 
kingdoms. Water and salt, for example, are inorganic. 
The former is the most abundant, and a very essential 
article of food. Most of the lower forms of aquatic life 
seem to live by drinking: their real nourishment, how- 
ever, is present in the water in the state of solution. The 
Earthworm, some Beetles, and certain savage tribes of 
Men swallow earth; but this, likewise, is for the organic 
matter which the earth contains. As no animal is pro- 
duced immediately from inorganic matter, so no animal 
can be sustained by it. 

Nutritious or tissue-forming food comes from the or- 
ganic world, and is albuminous^ as the lean meat of ani- 
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mals and the gluten of wheat ; oleagmovsj as animal fat 
and vegetable oil ; or saccharine, as starch and sugar. The 
first is the essential food-stuff; no substance can serve 
]{)ermanently for food — that is, can permanently prevent 
loss of weight in the body — unless it contains albuminous 
matter. As stated before, all the living tissues are albu- 
minous, and therefore albuminous food is required to sup- 
ply their waste. Albumen contains nitrogen, which is 
necessary to the formation of tissue ; fats and sugars are 
rich in carbon, and therefore serve to maintain the heat 
of the body, and to repair part of the waste of tissues. 
Warm-blooded animals feed largely on farinaceous or 
starchy substances, which in digestion are converted into 
sugar. But any animal, of the higher orders certainly, 
whether herbivorous or carnivorous, would starve, if fed 
on pure albumen, oil, or sugar. Nature insists upon a 
mixed diet; and so we find in all the staple articles of 
food, as milk, meat, and bread, at least two of these prin- 
ciples present. As a rule, the nutritive principles in veg- 
etables are less abundant than in animal food, and the 
indigestible residue is consequently greater. The nutri- 
ment in flesh increases as we ascend the animal scale; 
thus, Oysters are less nourishing than Fish; Fish, less than 
Fowl ; and Fowl, less than the flesh of Quadrupeds. 

Many animals, as most Insects and Mammals, live solely 
on vegetable food, and some species are restricted to par- 
.ticular plants, as the Silk-worm to the white mulberry. 
But the majority of animals feed on one another ; such 
are hosts of the microscopic forms, and nearly all the ra- 
diated species, marine Mollusks, Crustaceans, Beetles, Flies, 
Spiders, Fishes, Amphibians, Reptiles, Birds, and clawed 
Quadrupeds. 

A few, as Man himself, are omnivorous, i. e., are main- 
tained on a mixture of animal and vegetable food. The 
use of fire in the preparation of food is peculiar to Man, 
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who has been called " the cooking animal." A few of the 
strictly herbivorous and carnivorous animals have shown 
a capacity for changing their diet. Thus, the Horse and 
Cow may be brought to eat fish and flesh ; the Sea-birdi^ • * 
can be habituated to grain ; Oats are fond of alligator- 
pears ; and Dogs take naturally to the plantain. Certain 
animals, in passing from the young to the mature state, 
make a remarkable change of food. Thus, the Tadpole 
feeds upon vegetable matter ; but when it becomes a Frog 
it lives on Insects. 

Many tribes, especially of Reptiles and Insects, are able 
to go without food for months, or even years. Insects in 
the larval, or caterpillar, state are very voracious; but 
upon reaching the perfect, or winged, state, they eat little 
— ^some species taking no food at all, the mouth being act- 
ually closed. The males of some Rotifers and other tribes 
take no food from the time of leaving the egg until death. 

In general, the greater the facility with which an animal 
obtains its food, the more dependent is it upon a constant 
supply. Thus, carnivores endure abstinence better than 
herbivores, and wild animals than domesticated ones. 



CHAPTER VIIL 

HOW ANIMALS EAT. 

1. The Prehension of Food. — ( i) Liquids.— The sim- 
plest method of taking nourishment is by absorption 
through the skin. The Tape -worm, for example, has 
neither mouth nor stomach, but imbibes the digested food 
of the animal it infests. Many other animals, especially 
Insects, live upon liquid food, but obtain it by suction 
through a special orifice or tube. Thus, we find a mouth, 

4 
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or sucker, furnished with teeth for lancing the skin of an- 
imals, as in the Leech; a bristle-like tube fitted for pierc- 
ing, as in the Mosquito; a sharp sucker armed with barbs, 
to fix it securely during the act of sucking, as in the 
Louse ; and a long, flexible proboscis, as in the Butterfly. 
Bees have a hairy, channelled tongue, and Flies have one 
terminating in a large fleshy knob, with or without little 
" knives " at the base for cutting the skin : both lap, rather 
than suck, their food. 

Most animals drink by suction, as the Ox ; and a few 
by lapping, as the Dog ; the Elephant pumps the water 
up with its trunk, and then pours it into its throat; and 
Birds (excepting Doves) fill the beak, and then, raising 
the head, allow the water to run down. 

Many aquatic animals, whose food consists of small par- 
ticles diflEused through the water, have an apparatus for 
creating currents, so as to bring such particles within their 
reach. This is particularly true of low, fixed forms, which 
are unable to go in search of their food. Thus, the Sponge 
draws nourishment from the water, which is made to cir- 
culate through the system of canals traversing its body 
by the vibration of minute hairs, or cilia, lining parts of 
the canals (Fig. 189). The microscopic Infusoria have 
cilia surrounding the mouth, with which they draw or 
drive into the body little currents containing nutritious 
particles. Bivalve moUusks, as the Oyster and Clam, are 
likewise dependent upon this method of procuring food, 
the gills being fringed with cilia. So the singular fish, 
Amphioxus (the only example among Vertebrates), em- 
ploys ciliary action to obtain the minute organisms on 
which it feeds. The Greenland Whale has a mode of in- 
gestion somewhat unique, gulping great volumes of water 
into its mouth, and then straining out, through its whale- 
bone sieve, the small animals which the water may con- 
tain (Fig. 343). 
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(3) SoUds. — Wlieu the food is in solid masses, whether 
floating in water or not, the animal is uanallj provided 
with prehensile appendages for 
taking hold of it. The jelly- 
like Amoeba has neither moutli 
nor stomach, bnt extemporizes 
them, seizing its food bj means 
of its soft body. The food then 
passes throDgh the outer wall 

into the softer interior, where it j^^.,,,_^ni.i«,^,»^iave^), 
is digested. The waste particles wiih p»einiopodi« e««nd«d, x so. 
are passed out in a similar way. In the Fovaminifers, 
thread-like projections of the body are thrown out (paeu- 
dopodia) which adhere to the prey. The soft jellj-like 
substance of the body then flows down the peendopodinm, 
collects about the food, and digests it (Fig. 15). 

A higher type is seen in Polyps and Jelly-fishee, which 
have hollow tentacles around the entrance to the stomach 
(Fig. 193). These tentacles are contractile, and, moreover, 
are covered with an immense number of minute eacs, in 
which a highly elastic fliament is coiled up spirally (lasso- 
cells, nettle-cells). When the tentacles are touched by a 
passing animal, they seize it, and at the same moment 
throw out their myriad filaments, like so many lassos, 
which penetrate the skin of the victim, and probably also 
emit a fluid, which paralyzes it; the mouth, meanwhile, 
expands to an extraordinary size, and the ereatnre is soon 
engulfed in the digestive bag. 

In the next stage, we find no tentacles, but the food is 
brought to the mouth by the flexible lobes of the body, 
commonly called "arms," which are covered with hun- 
dreds of minute suckers ; and if the prey, as an Oyster, is 
too large to be swallowed, the stomach protrudes, like a 
proboscis, and sucks it out of its shell. This is seen in 
the Star-fish (Fig. 126). 
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A great advance is ehown by the Sea-nrchia, whose 
month is provided with fire sharp teeth, set in as many 
jaws, and capable of being projected so as to grasp, aa well 
as to masticate, its food (Figs. 214, 28). 

In Hollusks having a single shell, as the Snail, the chief 
organ of prehension is a strap-like tongue, covered with 
minute recurved teeth, or spines, with which the animal 
rasps its food, while the qpper lip 
is armed with a sharp, horny 
plate (Fig. 29). In many marine 
species, as the Whelk, the tongue 
is situated at the end of a retrac- 
tile proboscis, or muscular tube. 
In the Cuttle-fish, we see the sod- 
den development of an elaborate 
system of prehensile organs. Be- 
sides a spinous tongue, it has a 
pair of hard mandibles, resem- 
bling the beak of a Parrot, and 
working vertically ; and aronnd 
the mouth are eight or ten pow- 
'": '^.""^T ""v"!? '^'"''•'^ erfnl arms furnished with numer- 

of > Cattle-flab : a, bollow axis at 

the arm, containing aerre and ar- OOS CUp-Hke SUckerS. So perfect is 

terr; coellglartlBBae; i(,n.dial- ^ . ^ , 

inE fibres: A, raiwd margin at theadheeiou ot theseBucKers,tnat 
•hidl roSlfs^MMtie meml it 16 easier to tear away a limb 
brmiie,or"pi«iou,'t ((j^q ^ detach it from its hold. 

The Earth-worm swallows earthy 
matter and decaying leaves, which 
it secm^e with its lips, the up- 
per one being prolonged. Other 
worms (as Nereis) are so construct- 
ed that the gullet, which is fre- 
quently armed with teeth and for- 
ceps, can be turned inside out, to Fio. n.-Nenis-hmd, « 
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The Arthropoda exhibit a great variety of means for 
procuring noiiriBhment, in addition to the sactorial con^ 
trivances already mentioned, the innuinerable modifica- 
tions of the month correeponding to the diversity of food. 
Millepedes, Caterpillars, and Ombs hare a pair of horny 
jaws moving horizontally. The Centipede has a second 
pair of jaws, which are really modified feet, terminated - 
by carved fangs containing a poison-duct. The Eorse- 
shoe Crab uses its feet for prehension, and the thighs, or 
basal joints, of its legs to masticate the food and force it 
into the stomacli. The Srst six pair of legs in the Lob- 
ster and Crab are likewise appropriated to conveying food 
into the mouth, the sixth being enormously developed, 
and furnished with powerful 
pincers. Scorpions have a 
similar pair of claws for pre- 
hension, and also a pair of 
small forceps for holding I 
the food in contact with the ' 

mouth. In their relatives, PM.iS.-OQeofllieP«ni{8,orPerforated 
the Spiders, the claws are ita.dibh«,ora<.8pid«. 

wanting, and the forceps end iu a fang, or hook, which is 
perforated to convey venom." 

The bitiDg Insects, as Beetles and Locnsts, have two 
pairs of horny jaws, which open sidewise, one above and 
the other below the oral orifice. The upper pair are called 
mandibles; the lower, maxillae. The former are armed 
with sharp teeth, or with catting edges, and sometimes 
are fitted, like the molars of quadrupeds, to grind the 
food. The maxillse are usually composed of several parts, 
some of which serve to hold the food, or to help in divid- 
ing it, while others (palpi) are sensory. There is generally 
present a third pair of jaws — the ^a^wm — which are 
united in the middle line, and serve as a lower lip. They 
also bear palpi. The Mantis seizes its prey with its long 
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fore-legs, crushes it between its thighs, which are armed 
with spines, and then delivers it np to the jaws for masti- 
cation. All Arthropods move their jaws horizontally. 

The back-boned animals generally apprehend food by 
means of their jaws, of which there are two, moving ver- 
tically. The toothless Sturgeon draws in its prey by pow- 
erful suction. The Hag-fish has a single tooth, which it 
plunges into the sides of its victim, and, thus securing a 
firm hold, bores its way into the fiesh by means of its saw- 
like tongue. But Fishes are usually well provided with 
teeth, which, being sharp and curving inward, are strictly 
prehensile. The fins and tongue are not prehensile. A 
mouth with horny jaws, as in the Turtles, or bristling with 
teeth, as in the Crocodile, is the only means possessed by 
nearly all Amphibians and Reptiles for securing food. 
The Toad, Frog, and Chameleon capture insects by dart- 
ing out the tongue, which is tipped with glutinous saliva. 
The constricting serpents (Boas) crush their prey in their 
coils before swallowing; and the venomous Snakes have 
a poison-fang. No reptile has prehensile lips. All Birds 
use their toothless beaks in procuring food, but birds of 
prey also seize with their talons, and Woodpeckers, Hum- 
mers, and Parrots with their tongues. The beak varies 
greatly in shape, being a hook in the Eagle, a probe in the 
Woodpecker, and a shovel in the Duck. 

Among the Quadrupeds we find a few special contriv- 
ances, as the trunk of the Elephant, and the long tongues 
of the Giraffe and Ant-eater ; but, as a rule, the teeth are 
the chief organs of prehension, always aided more or less 
by the lips. Ruminants, like the Ox, having hoofs on 
their feet, and no upper front teeth, employ the lips and 
tongue. Such as can stand erect on the hind-legs, as the 
Squirrel, Bear, and Kangaroo, use the front limbs for hold- 
ing the food and bringing it to the mouth, but never one 
limb alone. The clawed animals, like the Cat and Lion, 
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make use of their feet in seenring prey, all four limbs be- 
ing furnished with curved retractile claws ; but the food 
is conveyed into the mouth by 
the movement of the head and 
jaws. Man and the Monkeys em- 
ploy the hand in bringing food 
to the mouth, and the lips and 
tongue in taking it into the cavi- 
ty. The thumb on the human 
hand is longer and more perfect 
than that of the Apes and Mon- 
keys ; but the foot of the latter 
is also prehensile. 

2. The Mouths of Animals. 
— In the Parasites, as the Tape- 
worm, which absorb nourishment 
through the skin, and Insects, as 
the May-fly and Bot-fly, which do s'^®- i».--Arm of the Thnmbiess 
all their eating in the larval state, 

the mouth is either wanting or rudimentary. The Amoeba, 
also, has no mouth proper, its food passing through the 
firmer outside part of the bit of protoplasm which consti- 
tutes its body. Mouth and anus are thus extemporized, 
the opening closing as soon as the food or excrement has 
passed through. 

In the Infusoria the mouth is a round or oval opening 
leading through the cuticle and outer layer of protoplasm 
to the interior of the single cell which makes their body. 
It is asually bordered with cilia, and situated on the side 
or at one end of the animal. 

An elliptical or quadrangular orifice, surrounded with 
tentacles, and leading directly to the stomach, is the ordi- 
nary mouth of the Polyps and Jelly-fishes. In those 
which are fixed, as the Actinia, Coral, and Hydra, the 
mouth looks upward : in those which freely move about, 
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as the Jelly-fish, it is generally underneath, the position of 
the animal being reversed. In some, the margin, or lip, 
is protruded like a proboscis ; and in all it is exceedingly 
dilatable. 

The mouth of the Star-fish and Sea-urchin is a simple 
round aperture, followed by a very short throat. In the 
Star-fish, it is enclosed by a ring of hard tubercles and a 
membrane. In the Sea-urchin, it is surrounded by a mus- 
cular membrane and minute tentacles, and is armed with 
five sharp teeth, set in as many jaws, resembling little 
conical wedges (Fig. 28). 

Among the headless MoUusks, the oral apparatus is very 
simple, being inferior to that of some of the radiated ani- 
mals. In the Oyster and Bivalves generally, the mouth 
is an unarmed slit — a mere inlet to the oesophagus, situ- 
ated in a kind of hood formed by the union of the gills 
at their origin, and between two pairs of delicate lips. 
These lips make a furrow, along which pass the particles 
of food drawn in by the cilia. 

Of the higher MoUusks, the little Clio (one of the Ptero- 
pods) has a triangular mouth, with two jaws armed with 
sharp horny teeth, and a tongue covered with spiny hook- 
lets all directed backward. Some Univalves have a sim- 
ple fieshy tube. Others, as the Whelk, have an extensible 
proboscis, which unfolds itself, like the finger of a glove, 
and carries within it a rasp-like tongue, which can bore 

into the hardest shells. Such 
as feed on vegetable matter, 
as the Snail, have no probos- 
cis, but on the roof of the 

Pig. 20.-Jaw of the Common Snail mOUth a CUrved homy plate 

are pressed against it by the lips, and on the floor of the 
mouth a small tongue covered with delicate teeth. As fast 
as the tongue is worn oflE by use, it grows out from the root. 
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The mouth of the Cuttle-fish is the most elevated type 
below that of the Fishes. A broad circular lip nearly 
conceals a pair of strong horny mandibles, not unlike the 
beak of a parrot, but reversed, the upper mandible being 
the shorter of the two, and the jaws, which are cartilagi- 
nous, are imbedded in a mass of muscles, and move ver- 
tically. Between them is a fleshy tongue covered with 
teeth. 

The parasitic Worms, living within or on the outside 
of other animals, generally have a sucker at one end or 
underneath, serving simply for attachment, and another 
which is perforated. The latter is a true suctorial mouth, 
being the sole inlet of food. It is often surrounded with 
booklets or teeth, which serve both to scarify the victim 
and secure a firm hold. In the Leech, the mouth is a 
triangular opening with thick lips, the upper one pro- 
longed, and with three jaws. In many Worms it is a 
fleshy tube, which can be drawn in or extended, like the 
eye -stalks of the Snail, and contains a dental apparatus 
inside (Fig. 17). 

Millepedes and Centipedes have two lateral jaws and a 
four-lobed lip. 

In Lobsters and Crabs the mouth is situated underneath 
the head, and consists of a soft upper lip, then a pair of 
upper jaws provided with a short feeler, below which is a 
thin bifid lower lip ; then follow two pairs of membranous 
under jaws, which are lobed and hairy ; and next, three 
pairs of foot-jaws (Fig. 250). The Horse-shoe Crab has 
no special jaws, the thighs answering the purpose. The 
Barnacle has a prominent mouth, with three pairs of rudi- 
mentary jaws. 

With few exceptions, the mouths of Insects in the lar- 
val state are fitted only for biting, the two jaws being 
horny shears. But in the winged, or perfect, state. Insects 
may be divided into the masticating (as the Beetle) and 
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Fia. t1.~Hnntb ot  I/wttst dissected : 1, labrnm, or npper lip ; 1, muidlblM ; B, 
Jnns; *, iBbtnni, [>[ luwar lip; D, [ougae. Tbe appendaK^s to the nuiiUn and 
lower lip are palpL 

tlie snctorial (as tbe Butterfly). In the former group, the 
oral apparatus consists of two pairs of horny jaws {mandi- 
bles and TJiaxiUce), which work horizontally between an 
upper {labrum) and an under {labium) lip. The niaxillee 
and under lip carry sensitive jointed feelers {paipi). The 
front edge of the labium ia commonly known as tbe tongue 
(ligula)." In such a month, the mandibles are tbe most 
important parts; but in passing to the suctorial Insects, 
we And that the mandibles are secondary to the maxillfe 
and labium, which are the only means of taking food. In 



thophora  
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the Bee tribe, we have a transi- ' 
tion between the biting and the 
Slicking Insects — the mandibles 
" supply the place of trowels, 
spades, pickaxes, saws, selseors, 
and knivee," while the maxillse 
are developed into a sheath to 
enclose the long, slender, hairy 
tongue which laps np the sweets 
of flowers. In the suctorial But- 
terfly, the lips, mandibles, and 
palpi are reduced to rudiments, 
while the maxillse are the only 
useful oral organs. These are 
excessively lengthened into a 
proboscis, their edges locking ?■«• 
by means of minute teeth, so as 
to form a central canal, through ubmm'l^'mrudibiM ^'m^iiffi*^ 
which the liquid food is pumped ,\""^"fT '"''''■ '^ p»'p""= {• 

^ r r labial palpi; m, paragloBBiB: t. 

Up into the mouth. Seen nn- iik"'"- 
der the microscope, the proboscis is made up of innumer- 
able rings interlaced with spiral muscular fibres. The 
proboscis of the Fly 
is a modified lower 
lip ; that of the Bugs 
and Mosqnitos, fitted 
both for piercing and 
suction, is formed by 
the union of four 
bristles, which are 
the mandibles and 
maxillee strangely al- 
tered, and encased in 
the labium when not 

iria.33,— PiDbuaclaoCaBuuei'fl]'. 10 USe. 
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Ab most of the ArschnidB live by euc- 
tion, the jawB are eeldom used for masti- 
cation. Id the Scorpion, the apparent 
repreeentativee of the mandibles of an 
Insect are transformed into a pair of 
amall forceps, and the palpi, so small in 
Insects, are developed into formidable 
Hc.re9-¥j(Tta»Si™K^ claws: both of these organs are prehen- 
SdiWM°'^"msT. ^'^^- ^^ Spiders, the so-called mandi- 
iite: mp, majtuary bles, which movB more or less Vertically, 

palpi - B, labtnm  t, 

labium, or toDgae.' end ID a fang; and the club-like palpi, 
often resembling legs, have 
nothing to do with inges- 
tion or locomotion. Both 
Scorpions and Spiders have 
a soft upper lip, and a 
groove within the mouth, 
which serves as a canal 
while sucking their prey. 
The tongue is external, and 
situated between a pair of 
diminutive roaxillfe. 

In the Ascidians the first 
part of the alimentary canal 
is enormously enlarged and 
modified to serve as a gill- 
sac. At the bottom of this 
sac, and far removed from 
its external opening, lies 
the entrance to the diges- 
tive tract proper. Into it 

the particles of food enter- F.a.S(i.-tJDdar 8nrf.c«otMa1.8pian: a, 

ing with the water are con- ^I«>l"^n-(ilnB: 6, leelt on tnwrlor aui- 

" , ,^. Bin ormBndible, <; /, labtnin; 9, thorax; 

Veyed (Fig. 279). *. Umba: *, abdomeu! J, »pliin«™ui; m. 

The mouth of Verte- ^T"' '^"'"'^ "^ """' "™"^ 
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brates is a cavity with a fixed roof (the hard palate) and 
a movable floor (the tongue and lower jaw), having a trans- 
verse opening in front," and a narrow, outlet behind, lead- 
ing to the gullet. Save in Birds and some others, the 
cavity is closed in front with lips, and the margins of the 
jaws are set with teeth. 

In Fishes the mouth is the common entry to both the 
digestive and respiratory organs; it is, therefore, large, 
and complicated by a mechanism for regulating the tran- 
sit of the food to the stomach and the aerated water to the 
gills. The slits leading to the gills are provided with 
rows of processes which, like a sieve, prevent the entrance 
of food, and with valves to keep the water, after it has en- 
tered the gills, from returning to the mouth. So that the 
mouths of Fishes may be said to be armed at both ends 
with teeth-bearing jaws. A few Fishes, as the Sturgeon, 
are toothless ; but, as a class, they have an extraordinary 
dental apparatus — not only the upper and lower jaws, but 
even the palate, tongue, and throat being sometimes stud- 
ded with teeth. Every part of the mouth is evidently 
designed for prehension and mastication. Lips are usu- 
ally present ; but the tongue is often absent, or very small, 
and as often aids respiration as ingestion. 

Amphibians and Reptiles have a wide mouth ; even the 
insect-feeding Toads and the Serpents can stretch theirs 
enormously.' True fleshy lips are wanting; hence the 
savage aspect of the grinning Crocodile. With some ex- 
ceptions, as Toads and Turtles, the jaws are armed with 
teeth. Turtles are provided with horny beaks. The 
tongue is rarely absent, but is generally too thick and 
short to be of much use. In the Toad and Frog it is sin- 
gularly extensile : rooted in front and free behind, it is 
shot from the mouth with such rapidity that the insect is 
seized and swallowed ndore quickly than the eye can fol- 
low. The Chameleon's tongue is also extensile. Snakes 
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rrom the thcoiC A. 

have a slender forked tongue, consisting of a pair of mns- 
cnlar cylinders, whicli is solely an instrument of touch. 

Birds are without lips or teeth, the jaws being covered 
with horn forming a beak. Tliis varies greatly in shape, 
being extremely wide in the Whippoorwill, remarkably 
long in the Pelican, stout in the Eagle, and slender in the 
Hummer. It is hardest in those that tear or bmiee their 
food, and softest in water-birds. Tlie tongue is also cov- 
ered with a horny sheath, and generally spinous, its chief 
function being to secure the food when in the mouth. 
It is proportionally largest and most fleshy in the Parrots. 

The main characteristics of the mammalian mouth are 
flesh lips and mobile cheeks." In the duck-billed Mon- 
otremes lips are wanting, and in the Porpoises they are 
barely represented. But in the herbivorous quadrupeds 
they, with the tongue, are the chief organs of prehension ; 
in the carnivorons tribes they are thin and retractile; 
while in the Whale the upper lip falls down like a cur- 
tain, overlapping the lower jaw several feet. As a rnle, 
the month is terminal; but in the Elephant, Tapir, Hog, 
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and Shrew, the upper lip blends with the noee to form a 
proboscis, or enont. The niotith is comparatively small 
in the Elephant and in gnawing animalB like the Squir- 
rel, wide in the Carnivoree, short in the Sloth, and long in 
the Ant-eater. Teeth are usually present, but vary in 
form and number with the habits of the animal. The 
Ant-eater is toothless, and the Gr-eenland Whale has a 
sieve made of homy plates. The 
tongue conforms in size and shape 
with the lower jaw, and is a muscu- 
lar, sensitive organ, which serves 
many purposes, assisting in the 
prehension, mastication, and swal- 
lowing of food, besides being an ' 
organ of taste, touch, and speech. 
Its surface is covered with minnte 
prominences, called ^t^j*^, which 
are arranged in lines with mathe- 
matical precision. In the Cats, 
these are developed into recurved pi,o.sT_Hnmau Ton ne na 
spines, which the animal uses in J«ceniparu; a,iingoai pspiiie: 

, . , , 1 . ., *■ P"P"'* funning V.ahaped 

cleaning bones and combmg its iidsb; ic, nmgirorm papniie: «, 

t f,. ., .1, flJiform papilla; n, eplglottla: 

fur. Oimilar papillse occur on m, ovnla, or eonlcal proceaa, 

the roof and sides of the mouth ^^fh^r^I^taJ; ^pCt; 
of the Ox and other Ruminants. «i»"^"- '"« "|"«™« ^™*>"<y'« 

, Iwlng remined ; r, aecllon of ihs 

In some animals, as the Hamster lowerjaw. 

and G-opher, the cheeks are developed into pouches in 
which the food may be carried. These may be lined witli 
hair. The tongue is remarkably long in the Ant-eater 
and Giraffe, and almost immovable in the Gnawers, Ele- 
phants, and Whales. 

3. The Teeth of Animale. — Nearly all animals have 
certain hard parts within the mouth for the prehension or 
trituration of solid food. If these are wanting, the legs 
are often armed with spines, or pincers, to serve the same 
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purpose, as in the Horse-shoe Crab; or the stomach is 
lined with "gaBtrie teeth," as in some marine Snaih; or 
the deficiency is supplied by a mnscnlar gizzard, as in 
Birds, Ant-eaters, and some Insects. Even the Lobster 
and Crab, in addition to their complicated oral organs, 
have the stomach furnished with a powerful set of teeth. 
The Sea-nrchin is the first of animals, and almost 
the only one below Worms and Mollosks, which exhibits 
anything like a 
dental apparatus. 
Five calcareons 
teeth, having a 
wedge - shaped 
apex, each set in 
a triangular pyr- 
amid, or "jaw," 
are moved upon 
each other by a 

Ph.%— BdiIiniabtaected,ahowiTis mssticatiiisapparatDg. cOHipleZ arrange- 
ment of levers and muscles. Instead of moving up and 
down, as in Yertebrates, or from right to left, as in Ar- 
thropods, they converge towards the centre, and the food 
passes between ten grinding snrfaces. 

The Rotifers (a group of minute Worms) have a curi- 
ous pair of horny jaws. That which answers to the lower 
jaw is fixed, and called the " anvil." The upper jaw con- 
sists of two pieces called "hammers," which are sharply 
notched, and beat upon the " anvil " between them (Fig. 
219). 

The horny-toothed mandibles of Insects, already men- 
tioned, are prehensile, and also serve to divide the food. 

The three little white ridges in the mouth of the Leech 
are the convex edges of horny semieirclea, each bordered 
by a row of nearly a hundred hard, sharp teeth. When 
the month, or sncker, is applied to the skin, a sawing 
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moTement is given 
to the horny ridges, 
80 that the " bite " 
of the Leech is real- 
ly a saw-cut, 

The dentition of 
the nnivalve Hol- 



i. e., it consists of '^'^^- " 

microscopic teeth, nsnally Biliceons and amber-colored, 
planted in rows on the tongne. 
The teeth are, in fact, the ser- 
rated edges of minnte plates. 
The number of these plates va- 
ries greatly; the garden Slug 
has 160 rows, with 180 teeth 

' in each row. 

All living Birds, and some 
other Vertebrates, as Ant-eat- 
ers," Turtles, Tortoises, Toads, 
and Sturgeons, have no teeth. 
Their place is often supplied 
by a horny beak, a muscular 
gizzard, or both atrnetures. 

In a few Vertebrates, horny 
plates take the place of teeth, 
as the Duck Mole (Omitho- 
rhynchua) and Whalebone 
Whale. In the former, the 

plates consist of closely set ver- 
Fio-M.-SectlonofonehBlfoflhaUp- .. < . n , , . ,, , 

per Jaw of a Whale (Bolomopteni), tlCal HOllOW tUDBS ; m the lat- 

Sfe\';r;\^X"-.™f."'"' "■» W"™' " "halebotle, 

rrsr;? SiiifbiSi't !'''>'«»• '"'"8°'" '"*»p».»''<i 
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in rows from the gnme of the upper jaw. In some Whalea 
there are abont 300 plates on each eide." 

True teeth, consisting mainly of a hard, calcareons sub- 
stance called dentine, are found only in back-booed ani- 
mals. They are distinct from the skeleton, and differ 
from bone in containing more min- 
^ eral matter, and in not showing, 
under the microscope, any minute 
cavities, called laounce. A typical 
t tooth, as found in Man, consists of 

a central mass of dentine, capped 
with enamel and surrounded on 
the fang with cement. The first 
tissue is always present, while the 
others may be absent. It is s mixt- 
ure of animal and mineral matter 

Pre. 81.— Section of Human Mi>- ,, .  ^i j- - » • 

lar. «D)aTged: k, crown; n, disposed in the form of extremely 
d^ine^' r,''Mmwii"':R*pnip^ ^^^ tnbes and cells, 80 minnto as to 
"'"^- prevent the admission of the red 

particles of blood. One modification of it is ivory, seen 
in the tasks of Elephants. Enamel is the hardest tissue 
of the body, and contains not more than two per cent, of 
animal matter. It consists of six-sided fibres set side by 
side, at right angles to the surfaces of the dentine. Ce- 
ment closely resembles bone, and is present only in the 
teeth of the higher animals. 

Teeth are usually confined to the jaws ; but the num- 
ber, size, form, structure, position, and mode of attachment 
vary with the food and habits of the animal. As a rule, 
animals developing large numbers of teeth in the back 
part of the mouth are inferior to those having fewer teeth, 
and those nearer the lips. The teeth of Mammals only 
hare fangs. 

The teeth of Fishes present the greatest variety. In 
number, they range from zero to hundreds. The Hag- 
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fish (Myxine) has a single tooth on the roof of the moath, 
and two serrated plates on the tongue ; while the month 
of the Pike is crowded with teeth. In some we find 
teeth short and blnnt, in the shape of cnbes, or prisms, 
arranged like mosaic work. Such pavement-teeth (seen 
in some Bays), are fitted for grinding sea-weed and crnsh- 
ing shell-fish. £nt the cone 
is the most common form : 
sometimes bo slender and close 
ae to resemble plush, as in the 
Perch; or of large size, and ' 
flattened like a spear - head 
with serrated edges, as in the 

Shark: but more often like the „ „ , ,^ ...... 

' Fie. ai Jaws and PsTement-tegtb oi * 

canines of Mammals, enrved Bay (MnUobaia). 

inward to lit them for grappling. In the Shark, the 
teeth are confined to the fore-part of the month; in the 
Carp, they are all situated pn the bones of the throat; in 
the Parrot-fish, they oecapy both back and front; but in 
most Fishes the teeth are developed also on the roof, or 
palate, and, in fact, on nearly every bone in the mouth. 
They seldom appear (as in the Salmon) on the npper max- 
illary. As to mode of attachment, the teeth are generally 
anchylosed (fastened by bony matter) to the bones which 
support them, or simply bound by ligaments, as in the 
Shark. In a few Fishes, the teeth consist of flexible car- 
tilage; but almost invariably they are composed of some 
kind of dentine, enamel and cement being absent. 

Of Amphibians and Reptiles, Toads, Turtles, and Tor- 
toises are toothless; Frogs have teeth in the upper jaw 
only ; Snakes have a more complete set, but Sanrians pos- 
sess the most perfect dentition. The number is not fixed 
even in the same species: in the Alligator it varies from 
72 to 88. The teeth are limited to the jawbones in the 
higher forms (Sanrians); but in others, as the Serpents, 
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itbey .are planted also in the roof of the month. With 
few exceptions, they are conical and cnrved (Fig. 33). In 
the Serpents thej .are longest and sharpest; and the ven- 
omous species have two or more fangs in the upper jaw. 
 ' " These fangs contain a canal, 

through which the poison 
is forced by muscles which 
/ compress the gland. The 

bones to which they are at- 
tached are movable, and the 
pia. as.-Po[ion ApparMns of the Rattift- faugs Ordinarily lie flat npon 

unske: ti, alsud, wllti duct, loidliie to .v i_ , i_ i. 

the teng,/; m, elector mu.cie.o:ow the gums, but are brought 

the j«ws 1 n, nostril. the act of Striking. As a 

mie, the teeth of Reptiles are simply soldered to the bone 
which supports them, or lodged in a groove ; but those of 
Crocodiles are set in sockets. Reptilian teeth are made 
of dentine and a thin layer of cement, to which is added 
in most Sanrians a coat of enamel on the crown. 

In the majority of Mammals, the teeth are limited in 
number and definite in their forms. The nnmber ranges 
from 1 in the Narwhal (bat the longest tooth in the king- 
dom) to 220 in the Dolphin. The average is 32, occur- 
ring in Huminants, Apes, and Man; but 44 (as in the 
Hog and Mole) is called the typical or normal number, 
and this nnmber is exceeded only in the lower groups. 
When very numerous, the teeth are of the Reptilian type, 
small, pointed, and of nearly equal size, as in the Porpoise. 
In the higher Mammals, the teeth are comparatively few, 
and differ so much in size, shape, and uae, that they can 
be classed into incisors, canines, premolars, and molars. 
Such a dental series exhibits a double purpose, prehension 
and mastication. The chisel-shaped front teeth are fitted 
for cutting the food, and hence called iiwiaors. These 
vary in nnmber : the Lion has six in each jaw ; the Squir- 
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rel haB two in each jaw, but remarkably developed ; the 
Oz has noDe in the tipper jaw, and the Elephant none in 
the lower ; while the Sloth has none at all." The canines, 
BO called becanse so prominent in the Dog, are conical, 
and, except in Man, longer than the other teeth. The; 
are designed for seizing and tearing; and they are the 
most formidable weapons of the wild carnivores. There 



PiB. 84,— Stull of ths B»bl(QSB, cir Halayui Hog, ihowlng growth 
tliecaoloee. 

are never more than four. They are wanting in all Ro- 
detLts, and in nearly all herbivorous quadrnpeds. The 
molars, or grinders, vary greatly in shape, but closely cor- 
respond with the structure and habits of the animal, bo 
that a single tooth is sufficient to indicate the mode of 
life and to identify the species." In the RnminantB, Ro- 
dents, Horses, and Elephants, the summitB of the molars 
are flat, lite mill-stones, with transverse or curving ridges 
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of euamel. In the Cats and Doge, they are narrow and 
sharp, passing by each other like the blades of BciESore, 
and therefore catting, ratlier than grinding, the food. 
The more pnrely carnivorons the species, and the more 
it feeds npon living prey, the fewer the molars. In ani- 
mals living on mixed diet, as the Hog and Man, the 
crowns have blant tabercles. Premolars, or bicuspids, 
are those which were preceded by milk-teeth ; the tme, 
or back, molars had no predecessors. 

The dentition of Mammals is expressed by a formala, 
which is a combination of initial letters and figures in 



fractional form, to show the number and kind of teeth 
on each side of both jaws. Thns, the formula for Man 

is : *, l^f ; f) \E\ ; Pi l^i ; ^> rzf = 32. 

The teeth of Mammals are always restricted to the 
margins of the jaws, and form a single row in each. Bnt 
they rarely form an unbroken series." The teeth im- 
planted in the premaxillary bone, and in the correspond- 
ing part of the lower jaw, whatever their number, are in- 
cisors. The first tooth behind the premaxillary, if sharp 
and projecting, is a canine. 

Each tooth has its particular bony socket." The molars 
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may be still further strengthened hy having two or more 
diverging fangs, or roots, a featnre pecnliar to this class. 
The incisors and canines have bnt one fang; and those 
that are perpetaall; growing, as the incisors of Kodents 
and Elephants, have none at all. The teeth of flesh-eat- 
ing MammalB ueaallj consist of hard dentine, snrronuded 
on the root with cement and capped with enamel. In the 
herbivorooB tribes, they are very complex, the enamel and 
cement being inflected into the dentine, forming folds, 
as in the molar of the Ox, or plates, as in the componnd 
tooth of the Elephant. This arrangement of these tissues, 
which differ in hardness, secnres a surface with prominent 



Fia. U.— upper UnUr Tonth nr Indian BlephsDt (Btephiu ItuHeu*), tiowiag tnta- 
Tsm unngement at dentine, d, irl[h feeloDiied bolder of anunel pkMi, (,' i^ 
ccmenl; one-third nalanl liie. 

ridges, well adapted for grinding. The catting teeth of 
*tbe Rodents consist of dentine, with a plate of enamel on 
the anterior surface, and the unequal wear preserves a 
chisel-like edge. Enamel is sometimes wanting, as in the 
molars of the Sloth and the tnsks of the Elephant. 

In Fishes and Keptiles, there is an almost unlimited 
succession of teeth; but Mammalian teeth are cast and 
renewed but once in life. 

Vertebrates use their teeth for the prehension of food, 
as weapons of offence or defence, as aids in locomotion, 
and as instrnments for uprooting or cutting down trees. 
But in the liigher class they ai-e principally adapted for 
dividing or grinding the food.** While in nearly all other 
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Yertebrates the food is bolted entire, Mammals masticate 
it before swallowing. Mastication is more essential in the 
digestion of vegetable than of animal food ; and hence we 
find the dental apparatus most efficient in the herbivorous 
qnadrapeds. The food is most perfectly reduced by the 
Eodents. 

Teeth, as we shall see, are appendages of the skin, not 
of the skeleton, and, like other superficial organs, are es- 
pecially liable to be modified in accordance with the hab- 
its of the creature. They are, therefore, of great zoologi- 
cal value; for, such is the harmony between them and 
their uses, the naturalist can predict the food and general 
structure of an animal from a sight of the teeth alone. 
For the same reason, they form -important guides in the 
classification of animals; while their durability renders 
them available to 'the paleontologist in the determination 
of the nature and affinities of extinct species, of which 
they are often the sole remains. Even the structure is 
so peculiar that a fragment will sometimes suffice. 

4. Deglutition, or How AnimaLs Swallow. — In the 
lowest forms of life, the mouth is but an aperture opening 
immediately into the body-cavity, and the food is dfrawn 
in by ciliary currents. But in the majority of animals, a 
muscular tube, called the gullet, or oesophagus, intervenes* 
between the mouth and stomach, the circular fibres of 
which contract, in a wave-like manner, from above down- 
ward, propelling the morsel into the stomach." In the 
higher MoUusks, Arthropods, and Vertebrates, deglutition 
is generally assisted by the tongue, which presses the food 
backward, and by a glairy juice, called saliva, which facil- 
itates its passage through the gullet.'^ Yertebrates have 
a cavity behind the mouth, called the throaty ot pharynx^ 
which may be considered as a funnel to the oesophagus." 
In air-breathers, it has openings leading to the windpipe, 
nose, and ears. In Man, as in Mammals generally, the 
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procesB of deglutitioD is in this wise : the food, masticated 
hj the teeth &nd Inbricated by the saliva, is forced by tlie 
toDgne aod cheeks into the pharynx ; the soft palate keep- 
ing it ont of the nasal aperture, and the valve-like epiglot- 
tis falling down to form a bridge over the opening to the 
windpipe. The tnomeut the pharynx receives the food, 
it is firmly grasped, and, the muscular fibres contracting 
above it and left tax below it, it is rapidly thrnst into the 
(Bsophagns. Here, a similar movement (the peristaltic) 
strips the food into the stomach." The rapidity of these 
contractions transmitted along the oesophagns may be ob- 
served in the neck of a Horse while' drinking. 

Deglutition in the Serpents is painfully slow, and some- 
what peculiar. For how is an animal, without limbs or 
molars, to swallow its prey, which is often much larger 
than its own body i The Boa-coastrictor, e. g., seizes the 



PM. BT.— Sknll of BoMonitrlcior : 1, ftoiitnli i, prefrontal; 4, poBlffontsl ; B, bul- 
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head of its victim with its sharp recurving teeth, and 
crushes the body with its overlapping coils. Then, slow- 
ly uncoiling, and covering the carcass with a slimy mu- 
ens, it thrusts the head into its mouth by main force, the 
mouth stretching marvellously, the skull being loosely put 
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together. One jaw is then unfixed, and the teeth with- 
drawn by being pushed forward, when they are again 
fastened farther back upon the animal. The other jaw 
is then protruded and refastened ; and thus, by successive 
movements, the prey is slowly and spirally drawn into 
the wide gullet. 



CHAPTER IX. 

THE ALIMENTARY CANAL. 

The Alimentary Canal is the great route by which 
nutritive matter reaches the interior of the body. It is 
the most universal organ in the animal kingdom, and the 
rest are secondary or subservient to it. In the higher an- 
imals, it consists of a mouth, pharynx, gullet, stomach, 
and intestine. 

It is a general law, that food can be introduced into 
the living system only in a iiuid state. While plants send 
forth their roots to seek nourishment from without, ani- 
mals, which may be likened to plants turned outside in, 
have their roots (called absorbents) directed inward along 
the walls of a central tube or cavity. This cavity is for 
the reception and preparation of the food, so that animals 
may be said to carry their soil about with them. The 
necessity for such a cavity arises not only from the fact 
that the food, which .is usually solid, must be dissolved, so 
as to make its way through the delicate walls of the cav- 
ity into the system, but also from the occurrence of inter- 
vals between the periods of eating, and the consequent 
need of a reservoir. For animals, unlike plants, are thrown 
upon their own wits to procure food. 

The Protozoa, as the Amoeba and Infusoria, can hardly 
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be said to have a digestive caoat. The animal is here 
eompoBed of a eingle cell, in which the food is digested. 
The jelly-like Amceba passes the food through the firmer 
outer layer (ectasare) into the more fluid inner part {m^do- 
sarc), where it is digested. The Infusoria, which have a 
cuticle, and so a more defiaite form, possess a mouth, or 
opening, into the interior of their cell-body, and at least 
a definite place where the excrement is passed out. But 
we cannot call this cell-cavity a digestive tract. 

lu the higher animals, the alimentary canal is a contin- 
nation of tlie skin, which is reflected inward, aa we turn 
the finger of a glove." We find every grade of this re- 
flection, from the sac of the Hydra to the long intestinal 
tube of the Ox. 80 that food in the stomach is still oat- 
side of the true body. 

The simplest form of such a digestive tract is seen in 
the Hydra (Fig. 191). Here the body is a simple bag, 
whose walls are composed of two layers of cells (ectoderm 
and endoderm). A 
mouth leads into the 
cavity, and serves as 
well for the outlet of 
matter not wanted. 
The endodermal cells 
furnish the juices by 
which the food is di- 
gested and absorb the 
nutritions portions of 
it. There is no rad- 
ical difference, how- 
ever, between the two 

1 _c _ II e _ . 1 Fio. 38.— WeeMled AcOnls; a, the thick opaqne »klD 

layers of cells, for the comiBllng of ecloaerm, llnrd with idUMolM ObrM: 
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ofreBpiralory wnter from nne comi*rlmeDt to aii- 
tiie former ectoderm other; d, mouth leMlDg 10 gasirli: cavlij-, * 
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has digested the food and the former eudoderm has taken 
on the functions of the outer layer. The Polyps have 
also bnt one external opening ; but from this hangs down 
a short tube, open at both ends, reaching about half-way 
to the bottom of the body-cavity. Such an arrangement 
would be represented by a bottle with its neck turned 
inward. In this suspended sac, which is somewhat con- 
stricted at the extremities, digestion takes place ; but the 
product passes freely into all the surrounding chambers, 
along with the water for respiration. The Medussd, or 
Jelly-fishes, preserve the same type of a digestive appara- 
tus ; but the sac is cut off from the general cavity, and 
numerous canals radiate from it to a circular canal near 
the margin of the disk. In the Star-fishes (Fig. 126), we 
find a great advance. The sac-like stomach sends o£E two 
glandular branches to each arm, which doubtless furnish 
a fluid to aid in digestion (so-called hepatic coeca). There 
is also an anus present in some forms, but it hardly serves 
to pass off the waste matter. 

Thus far we have seen but one opening to the digestive 
cavity, rejected portions returning by the same road by 
which they enter. But a true alimentary canal should 
have an anal aperture distinct from the oral. The sim- 
plest form of such a canal is exhibited by the Sponge, in 
its system of absorbent pores for the entrance of liquid, 
and of several main channels for its discharge. The 
apparatus, however, is not marked off from the general 
cavity of the body, and digestion is not distinct from cir- 
culation.'* 

The Sea-urchin presents us with an important advance 
— one cavity with two orifices; and the complicated ap- 
paratus of higher animals is but the development of this 
type. This alimentary canal begins in a mouth well pro- 
vided with teeth and muscles, and extends spirally to its 
outlet, which generally opens on the upper, or opposite, 
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fiarface. Moreover, while in Bome of the Worms the canal 
is a simple tube Fanning through the axis of the eylindri- 
eal body from oral ori- 
fice to anal apertare, the 
canal of the Sea-urchin 
shows a distinction of 
partSfforeshadowing the 
pharynx, gullet, stom- 
ach, and intestines. Both 
mouth and vent have 
muscles for constriction 
and expansion; and, as 

tne veni is on me snra lEehina^: o, month: h, fflsophBgnai o, atom. 

mit of the shell, and the "i"  ^ '"""ti""- /. m»d«pori(orm ftii»rci« ■. 

' ^ g, sloiie-cao»l 1 h, ambnlscral ring; k, Poltan 

latter is covered with Teslclw, whtcli »re probably rewrrol™ of Bntd; 

, . J m, ambnlscral tnbo! o, anus; p, ambnlaerm, 

epineS, the ejected par- with Ibelc contractile legiclea: r,DeTToneHnE 

tides are seized by del- '^ZtZX^^WW^^^s^- 

icate forks (pedioeUa^ bIIde; ^bl»d-T»Knlar rings ™mi«ted by r, 

^^ tbe coDtrnctlle heart: u, two arteriai trunks ra- 

nW), and passed on from dialing from Chs huh] ring ; X. SD orary open- 

one to the other down BpiDeii,nlth their tnbercles. 

the side of the body, till they are dropped off into the 
water." 

The Worms present us with a great range of structare 
in the digestive tract. It is sometimes almost as simple 
as that of the Hydra — a mere sac. The Earth-worm has 
a tube running straight through the body, divided into 
pharynx, oesophagus, crop, gizzard, and sacculated intes- 
tine. The Leech has large sacs on each side of the intes- 
tine. The Sea-worms have the pharynx armed with teeth, 
and some have glandular coeca attached to the intestine. 
The plan is that of a straight tube extending from mouth 
to anus. In Myriapods and larvte of Insects, the same 
general plan is continued, the canal passing in a straight 
line from one extremity to the other, hut showing a divis- 
ion into gullet, stomach, and intestine." Crustacea, like 
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the Lobster, hare a ehort gullet leading to a large car- 
ity, sitnated in the front of the animal, which is a giz- 
zard, rather than 
Btomach, as it has 
thick moscnlar 
walls armed with 
teeth. A well- 
marked constric- 
tion separates this 
organ from the in- 
testine. The liver 
is highly devel- 
oped; instead of 
numerous folli- 
cles, there is a 
large bilaterally 
symmetrical or- 
gan, divided into 
three lobes on each 
side, ponring its 
secretion into the 
upper part of the 
intestine, which is 
the true stomach. 
Among Insects, 
there is great vari- 
ation in the form 
and length of the 

Fis. 4t.—AoAUmj of  Caterpillar : g, h, amphtgaf : A, , ^, , , , 

^.Btomacti: jt.hspiUcTflBHls: 2,m,lnt«tlTie; g,r,u1- CaDai. llietOlIOW- 

;'^^™"M"u^i.r*t"^t/ri,«±^^^^ ing parts can gen- 

cerai /. W-n,».: ,, i y, .llk-«™wr,i r, [hdr «- grallv be distin- 
cratnr; doctg, tennlnBtlng Id i, the apiDDeret:, or fu- ■' 

fohit. guished : gullet, 

crop, gizzai'd, stomach, and large and small intestines, with 
many glandular appendages. The crop, gizzard, and large 
intestine are sometimes absent, especially in the carnivorous 
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specieB. In Bees, tbe crop is called the "honey -bag." 
The gizzard is found in Insects having mandibles, and is 
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frequently lined with rows of homy teeth, which are spe- 
cially developed in Grasshappere, Crickets, and Locusts. 
The intestines are remarkable for their convohitions. In- 
sects have no true liver; but its functions are performed 
by little cell-masses on the inside of the stomach." 

The alimentary canal of Spiders is short and straight, 
the pharynx and gullet being very minute. The stomach 
is characterized by sending out tubular prolongations, and 
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the inteetines end in a large bladder-like expansion. Scor- 
pionB have no etomacbal cavity — a straight intestine passes 
directly tbrongh the body. 

In bivalve Mollusks, like the Clatn, the month opens 
into a short oesophagus which leads into the Btomach, 
which lies imbedded in a large liver, and the intestine, 
describing a few turns, passes directly tbrongh the heart." 
In the univalve Mollnaks, like the Snail, the gullet is long, 
and frequently expands into a crop ; the stomach is often 
double, the anterior being a gizzard provided with teeth 
for mastication; the intestine passes tbrongh the liver, 
and ends in the fore-part of the body, usually on the right 
side. 

The highest Mollusks, as the Guttle-fisb and Nautilus, 
exhibit a marked advance. A month with powerful man- 
dibles leads to a long gullet, which ends in a strong mus- 
oular gizzard resembling that of a fowl." Below this is a 
cavity, which is either a stomach or duodenum ; it receives 
the bile from a 
large liver. The 
intestine is a tube 
of uniform size, 
which, after one or 
two slight curves, 
bends up,and opens 
into the "funnel" 
near the mouth. 

Fishes have a 
simple, short, and 
wide alimentary 
canal. The stom- 
ach is separated 

Tia. M.— AliiDenlarf Cnunl of tha OrsWr.- a, >toln«h from the intestine 
laid open; d, liver; b,<,d,/,CDnTaliitlaDa ortbelnlea- 
Une ; ^, ttnal Bpertnre ; h, o, anrlcle ind nDtride : (> by a narrow "py- 
rtt, adductor moBCle: h,t,lobei of manth divided to . . „ .„ 

itaowttsveUDiiaCBDBlsalthebaaeofUiesiUi. lonc OritlCe, Or 
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valve, but is not so clearly distinguished from the gullet, 
BO that regurgitation ie easy." Indeed, it is commoD for 
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Fifihea to disgorge the indigestible paite of their food, and 
some, as the Carp, send the food back to the pharynx to 
be masticated. The stomach is usually bent, like a si- 
phon; bnt the intestine is nearly straight, and without 
any marked distinction into small and large. Its append- 
ages are a large liver and a rudimentary pancreas. 

In the Amphibians, as the Frogs, the digestive appara- 
tus is very similar to that of Fishes; but the two kinds 
of intestines can be more readily 
distinguished. TheEeptilesgen- 
erally have a long, wide gullet, 
which passes insensibly into the 
stomach, and a short intestine 
(about twice the length of the 
body) very distinctly divided into 
small and large by a constric- 
tion." The vegetable - feeding 
Tortoises have a comparatively 
long intestinal tube ; and the 
Serpents have a slender stomach, 
but little wider than the rest of 
Fib. 47.— Annuim)- of a cepimiopod the alimentary canal. 

(dii^am): a. temacJes; 6, raaatl- . ■• .u ^ .-. 

caioTj appBramg; cejei d, Ball- ihc stomach 01 the Urocodile 
"Smph^ne^ff^imBraai'ril'Bfi'.'or '^ moro complex than any hith- 
te« '"^""^Vn'os - TTanei ^ '"" ®^^'' '"^n'^'oned. It resembles 
Ink-bag; .;, ovary; o, oyiduct; p, that of tile Cuttle-fish, bat ofEefS 

liiarir, gill conWlnedlutliB bran- ' 

cbiaicbsmber; >, bninchbti bean i a stiH more stnkiug analogy to 

tvBtemlc heart; D, maulle. .■ . . , n- ^ i • 

the gizzard of a Bird, having 
very thick walls, and the muscular fibres radiating pre- 
cisely in the same manner, so that, in tJiis respect, the 
Crocodile may be considered the connecting link between 
Keptiles and Birds." In Crocodiles also the duodenum, 
with which the intestine begins, is first distinctly defined. 
Into this part of the intestine the liver and pancreas, or 
Bweet-bread, ponr their secretions. Furthermore, in the 
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lower animals, the inteatinee lie more or lees loose in the 
abdomea ; but in the Crocodile, and likewise in Birds and 
Mammals, they are supported by a membrane called mes- 
entery. 



«.— Agalum^ otttus Carp : br, hmnchls, or glU-openlngBi c, beart; /, ll'«: i 
m', Bi*liniDlD)t.bladder! ci, lomtlnal canal i a, uvHriiim; u, ureter; a, aims; 
Eenlul oiienlDg; »', opening or ureter. The alde-vleir showi ibe dlBposlUod 
Uie miuclei la vertical Bakea. 
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In Birds, the length of the alimentary canal varies with 
their diet, being greatest in those living ob grain and fruit. 
The gullet corresponds in length with the neck, which is 
longest in the long-legged tribes, and in width with the 
food. In those that swallow large fish entire, the gullet 
is dilatable, as in Snakes. In nearly all Birds, the food is 
delayed in some cavity before digestion : thus, the Pelican 
has a bag under the lower jaw, and the Cormorant has a 
capacious gullet, 
where they store 
up fishes; while 
those that gorge 
themselves at in- 
tervals, as the 
Vulture, or feed 
on seeds and 
grains, as the Tur- 
key,haveapouch, 
called the crop, 
developed near 
the lower end of 
the gullet." The 
Ostrich, Goose, 
Swan, most of 
the Waders, and 

Pirf. 4B.— filomicli of the CrocodilB : B, mmeolBT flbree r«- . r , ., 
dlatlDg frDmac«iitnlU!naan,6,' d,ci>mmeiicenieDlaf tne irUlt Or IH- 
d-odeflnm: *,<Hoph.g»B:/,ln»Mlne. gg^j eating Birds, 

which find their food in tolerable abundance, and take it 
in small quantities, have no such reservoir. Pigeons have 
a double crop. 

In all Birds, the food passes from the gullet into the 
proventriculus, or stomach proper, where it is. mixed with 
a "gastric juice" secreted from glands on the surface. 
Thence it goes into the gizzard, an oval sac of highly 
muscular texture, and lined with a tough, horny skin." 
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The gizzard is most highly developed, and of a deep-red 
color, in the Scratchers and flat-billed Swimmers (as Fowls 
and Swans); but comparatively thin and feeble in Birds 
of Prey (as the Eagle). 
The gizzard is follow- 
ed by the intestines, 
which are longer than 
those of Reptiles : the 
small intestine begins 
with a loop (the duo- 
denum), and is folded 
several times upon it- 
self ; thelarge intestine 
is short and straight, 
terminating in the sole 
outlet of the body, the 
cloaca. A liver and 
pancreas are always 
attached to the upper 
part of the small in- 
testine. 

The ahmentary ca- 
nal in Mammals is 
clearly separated into 
fonr distinct cavities: 
the pharynx, or throat; 
the oesophagus, «r gul- 
let ; the stomach ; and 
the intestines. 

The pharynx is more Fio.I».— Digestive Appatatns of the Fowl: I, 

• , loBgner Sipbarytiii 3,5, cMophagns! «, crop; 

COmpllCatea thau m e, proveatrlcalos : T,£l»ara : §, i. 10, dnodenum ; 

Birds. It is a funnel- Jh;'X'of'™ai«'f\tthXt»«A\r?.w 

nhnnpil hair hfiviiitr **"* 'nlMtlnal tabs; lB,rectnm! IS, tloaca; IT, 

Snapea nag, naving „„, . ^^^ mesenterr ; W, M, lefl and rtght lobM 

seven OneninCS lead- "' l'™' • *!■ gall-blBaaer ; es, insertion of pan- 

\ " , cteaUo and biliary flocM ; IB, pancreas i SI, lung ; 

mg into it: two from j8,o»aij; s«,oviiinct 
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the nostrils, and two from 
the ears; one from the 
windpipe, gnarded by 
the epiglottis ; one from 
the month, with a fleshy 
curtain called the soft pal- 
ate ; and one from the 
oBBophaguB. It is the nat- 
ural passage for food be- 
tween the month and the 
oesopbagus, and of air be- 
tween the nostrils and 
windpipe. Like the 
month, it is lined with a 
soft m neons membrane. 
The oesophagus is a 
long and narrow tnbe, 
formed of two muscular 
layers ; in the outside one, 
the fibres run length- 
wise ; in the other, they 
are circular. It is lined 
with mucous membrane. 
While in all Fishes, Rep- 
tiles, and Birds the ven- 
tral chamber is one, in 
Mammals it is divided, 
by a partition called the 
diaphragm, into two cav- 
ities — the thorax, con- 
taining the heart, lungs, 

Fia. tn.— DieeBllre Appuatiu or Han <dl«gnini): 1, tougae; >, phHiTnT: S, rcaopha- 
gBBi 4, son palate ! G, IoitdZ! A, palate ; T, eplglouis; S, tfajnild carlllage; V, 
beglDaiog of eplnal miUTOWr 10, 11, It, lartebm, idth iplnoos jiroccHet: IS, 
cardlic oriflcs of BEomach j 11, leH end of BUnnacta ; IS. pyloric valve; 10, SO, SI, 
dnodtuiDm:l!,gBl]-bUdder; ST.dDctrhimpiiDFnie: iB,2fl,]«|t 
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etc ; and the abdomen, containing tlie stomach, inte^- 
tines, etc. The oeeophagus paesee through a slit in the 



7i9. DS.— Ideal Bection of a HDmmallan Tertebrate : A, pectoral, or fore llm 
pelvic, nr hind limb: a, montb; b, cerebrnm; c. cerebellnm; if, nose; e, e; 
ear; g, maopbagne; fi, etumachi (.InteaMae; j, dlapbragm, or midriff; t, re 



diaphragm, and almoBt immediatelj expands into the 
stomach. 

In the majority of Mammals, the stomach is a mnscnlar 
bag of an irregular oval shape, lying obliquely across the 
abdomen. In the Flesh-eaters, whose food is easy of solu- 
tion, the stomach is usually simple, and lies nearly in the ' 
course of the alimentary ca- 
nal ; but in proportion as the 
food departs more widely 
in its composition from the 
body itself, and is therefore 
more difficult to digest, we 
find the stomach increasing 
in size and complexity, and 
turned aside from the gen- 
eral coui-se of the canal, so as 
to retain the food a longer 

_, , , ° Fio.BB.-SecllonofBonWaSloniSCh: ^ 

time. The inlet, or open- lertaac! fi,r1ghtuc; (^.dnadennm. 

ing, into the oesophagus is called cardiac; the outlet, or 
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Opening, leadiDg into the intestines is lulled pyl<yric. In 
the Carnivores, Apes, and most odd-toed qaadrupeds, the 
stomach resembles that of Man. That 
of the toothless Ant-eater has the 
lower part turned into a kind of giz- 
I zard for crushing its food. The Ele- 
phant's is subdivided by numerons 
folds. In the Horse, it is constricted 

^ ., „. , , . in the middle; and in the Kodents, 
Fie. M.— SMmadi of the ' ' 

PorpoiMi B, cirdim;; p, Porpoises, and Kangaroos, the con- 
striction is carried so far as to make 
two or three sections. But animals that chew the cud 
(Rnmiuants) have the most complex stomach. It is di- 
vided into four peculiar cbatubers : First, the paunch 
{rumen), the largest 
of all, receives the 
half -masticated food 
when first swallowed. 
The inner surface is I 
covered with papillee, ' 
except in the Camel, 
 which has large cells 

for storing up water. Pi8.BB._aiom«choflh«Llon; ccardlacorifliie,(ir 
From this, the food entrance or <»oph.Ku.ip, pyloric. 

passes into the honey-comb stomach (reticulum), so named 
from its structure. Liquids swallowed nsuallj go directly 
to this cavity, without passing through the paunch, and 
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hence it is sometimes called the water -bag. Here the 
food is made into little balls, and returned to the month 
to nndergo a thorough mastication. When finally swal- 
lowed, it is directed, bj a groove from the ceeophagus, to 
the third, and smallest, cavity, the manyplies {psaUerium), 
named from its numerous folds, which form a strainer to 
keep back any undivided food; and thence it passes into 
the true stomach {abomaaua), from which, in the calf, the 
rennet is procured for curdling milk in the manufacture 
of cheese. This fourth cavity 
is like the human stomach in 
form and function, and is the 
only part which secretes gastric 
juice. The rumen and retien- 
Inm are rather dilatations of the 
cesophagns than parts of the 
stomach itself; while the latter 
is divided by constriction into 
two chambers, the psalterium 
and abomasns, as in many other 
animals. 

In structure, the stomach re- 
sembles the (esophagus. The 
smooth outside coat (perUo- 

^ . „ ^^. , Fia. 5T.— Vertical Section ot Uie 

netim) is a reflection of the coau or the sioni.ich: i, Bnrf»ce 

membrane which linesthe whole or"Mi™f"i™eBT*!'eMir°tnbu- 

abdoraen. The middle, or mus- u;^;e?"rVnbm^''n' aZV^^'l 

Cular, coat consists of three lav- transvarwninsonlarflbre; Mongt- 
_ "^ todlnal mnacnlw flora ; T, Bbroos, 

ers of nbres, running length- orBmons,coat 
wise around and obliquely. The successive contraction and 
relaxing of these fibres produce the worm-like motion of 
the stomach, caiXed peristaltic. The innermost, or mucous, 
membrane, is soft, velvety, of a reddish-gray color in Man, 
and filled with multitudes of glands, which secrete the 
gastric juice. The human stomach, when distended, wilt 
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hold about five pintB; that of the Kangaroo is as long 
aa its body. 

The intestinal catial in MammalB begins at the pyloric 
9Dd of the stomach, where there is a kind of valve or cir- 
cnlar muscle. Like the stomach, it varies greatly, accord- 
ing to the nature of the food. It is generally longest in 
the Vegetable-feeders, and shortest in the Flesh-feeders. 
The greater length in the former is due to the fact that 
vegetable food requires a longer 
tiuie for digestion, and that a great- 
er bulk of such food is required to 
obtain a given quantity of nntri- - 
inent. The intestines measure 150 
feet in a full-grown Ox, while they 
are but three times the length of 
the body in the Lion, and six times 
in Mau, Save in some lower 
forms, as the Whales, there are 
two main divisions, the "small" 
and " large " intestines, at the 
junction of which is a valve. The 
former is the longer of the two, 
I and in it digestion is completed, 
^ and from it absorption takes place. 
Fio. oa-Sectioti ortbeWaii ot The large intestine is a temporary 
xeo: a, villi ;!>aDdii, glands 1 lodging-pIace for the useless part 

ci™i^""a«"«Tff!''Ci'»n'/- of ^^^ ^°°^' '"^*'' ^^ '^ expelled 
tadiiiai ranwiwi. fpo^, (Jig body. The beginning of 

the small intestine is called the duodenum, into which 
the ducts from the liver and pancreas open. The intes- 
tinal canal has the same structure as the stomach, and by 
a peristaltic motion its contents are propelled downward. 
The inside surface of the small intestine is covered with 
a boat of thread-like processes {villi), resembling the pile . 
of velvet. 
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In taking this general survey of the succession of forms 
which the digestive apparatus presents among the princi- 
pal groups of animals, we cannot fail to trace a gradual 
specialisation. First, a simple sac, one orifice serving as 
inlet for food and outlet for indigestible matter; next, a 
short tube, with walls of its own suspended in the body- 
cavity ; then a canal passing through the body, and, there- 
fore, having both mouth and vent ; next, an apparatus for 
mastication, and a swelling of the central part of the canal 
into a stomach, having the special endowment of secreting 
gastric juice; then a distinction between the small and 
large intestine, the former thickly set with villi, and re- 
ceiving the secretions of large glands. We also notice 
that food, the means of obtaining it, the instruments for 
mastication, and the size and complexity of the aliment- 
ary canal, are closely related. 



CHAPTEE X. 

HOW ANIMALS DIGEST. 

The object of the digestive process is the reduction 
of food into such a state that it can be absorbed into the 
system. For this purpose, if solid, it is dissolved; for 
fluidity is a primary condition, but not the only one. 
Many soluble substances have to undergo a chemical 
change before they can form parts of the living body. 
If albumen or sugar be injected into the veins, it will not 
be assimilated, but be cast out unaltered. 

To produce these two essential changes, solution and 
transmutation, two agencies are used — one mechanical, 
the other chemical. The former is not always needed, 
for many animals find their food already dissolved, as the 
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stood. It saponifies part of the fats, so that they are dis- 
solved, and prevents the food from decomposing during 
the process of digestion and absorption. The chyle is 
slowly driven through the small intestine by the creep- 
ing, peristaltic motion of its walls," the nutritious portion 
being taken up by the absorbents, as described in the next 
chapter, while the undigested part remaining is discharged 
from the large intestine.*® 



CHAPTER XL 

THE ABSORBENT SYSTEM. 

The nutritive matter (chyle), prepared by the digestive 
process, is still outside of the organism. How shall it 
enter the living tissue ? 

In animals, like the Infusoria and Polyps, whose digest- 
ive department is not separated from the body-cavity^, the 
food, as soon as dissolved, mingles freely with the tissues 
and organs it has to nourish. In the higher Invertebrates 
having an alimentary canal, the chyle passes, by simple 
transudation, through the walls of the canal directly into 
the soft tissues, as in Insects, or is absorbed from the canal 
by veins in contact with it, as in Sea-urchins, Mollusks, 
Worms, and Crustaceans, and then distributed through 
the body. 

In Vertebrates only do we find a special absorbent sys- 
tem. Three sets of vessels are concerned in the general 
process by which fresh material is taken up and added to 
the blood: CapiUarieSj LaoteaJs, and Lymphatics. 
Only the two former draw material from the alimentary 
canal. 

It 18 a general law that the food is absorbed as fast as 
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it is diBBolved, and, therefore, tbere is a constant loss in 
the passage down the canal. In the mouth and cesoph- 
agns, the absorption is slight; but much of that which 
hae yielded to the gaetric jnice, with most of the water, is 
greedily absorbed by the capillaries of the stomach, and 
made to join the current of blood which is rushing to the 
liver. Absorption by the capillaries also takes place from 
tiie skin and lungs. Medicinal or poisonous gases and 
liquids are readily introduced into the system by these 
channels. 

We have seen that the oily part of the food passes un- 
changed from the stomach into the small intestine, where, 
acted upon by the pancreatic juice, it is cut up into ex- 
tremely minute particles, and that the undigested albumi- 
noids and Btarclies are digest- 
ed in the intestine. Two 
kinds of absorbents are pres- 
ent in the intestine, lacteals 
and blood -capillaries. Both 
the lymphatic and blood sys- 
tems send vessels into the 
velvety viUi" with which the 
intestine is lined. The blood- 
capillaries lie towards the out- dsKendiiig 
siae or ine viiius ana tne ™BBiB,j,,in [hew»ii8oriheint«!tiii«. 
lacteal in the centre. The 
albuminoids and sugars are 
chiefly absorbed by the blood-vessels and go to the liver. 
The fats pass on into the lacteals, which receive their 
name from the milky appearance of the chyle. These 
lacteals unite into larger trnnks, which lie in the mesen- 
tery (or membrane which suspends the intestine from, the 
back wall of the abdomen), and these pour their contents 
into one large vessel, the thoracic duct, lying along the 
backbone, and joining the jugular vein in the neck. 
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The Ucteals are only a special part of the great lym- 
phatic Bystom, which absorbs and carries to the thoracic 
dtict matter from all parts 
of the body." The lymph 
is a traDBparent fluid having 

"many white blood corpna- 
cles. It is, in fact, blood, 
minns the red corpnaeleB, 
while chyle is the same flnid 
rendered milky by numer- 
ous fat-glohnlea. During 

6 the intervals of digestion, 
the lacteals carry ordinary 
lymph. This fluid is the 
overflow of the blood — the 
plasma and white corpus- 
cles which escape from the 
blood capillaries, and are not 
needed by the tissues in 
which they are. This sur- 
plus overflow is returned to 
the blood by the lymphatics. 
The cnrreot is kept op by 

I the movements of the body, 
 ,- -,, ^, , : and in many Vertebrates, as 

man Body: o,iidIod of leajiigubr »nd ■' ^ 

■DbcisTEan veins; s, thoracic dnct: c. Frogs and Fishes, bv hfmpK 

receplaonlum chjil. Tin oval bodies , . - .^ j- 

■re glaoda. heatU. 

Like the roots of Plants, the absorbent vessels do not 
commence with open mouths; but the fluid which enters 
them must traverse the membrane which covers their mi- 
nute extremities. This membrane is, however, porous, 
and the fluids pass through it by the forces of filtration 
and diffusion. How the fat gets into the lacteals is not 
yet well understood, but the lacteals are themBclves rhyth- 
mically contractile,'* and force the absorbed chyle tow- 
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ards the heart. The valves of the lymphatics prevent its 
return. 



CHAPTER XII. 

THE BLOOD OP ANIMALS. 

The Blood is that fluid which carries to the living tis- 
sues the materials necessary to their growth and repair, 
and removes their waste and worn-out material. The 

« 

great bulk of the body is occupied with apparatus for the 
preparation and circulation of this vital fluid. 

The blood of the lower animals (Invertebrates) differs 
so widely from that of Man and other Vertebrates, that 
the former were long supposed to be without blood. In 
them the blood is commonly colorless ; but it has a bluish 
cast in Crustaceans ; reddish, yellowish, or greenish, in 
Worms; and reddish, greenish, or brownish, in Jelly- 
fishes. The red liquid which appears when the head of 
a Fly is crushed is not blood, but comes from the eyes. 
In Vertebrates, the blood is red, excepting the white- 
blooded fish, Arwphioxus^ 

As a rule, the more simple the fabric of the body, the 
more simple the nutritive fiuid. In unicellular animals 
(as Protozoa), in those whose cells are comparatively inde- 
pendent (as Sponges), and in small and lowly organized 
animals (like Hydra), there is no special circulating fluid. 
Each cell feeds itself either directly from particles of 
food, or from the products of digestion. In Polyps and 
Jelly-fishes, the blood is scarcely different from the prod- 
ucts of digestion, although a few blood-corpuscles are pres- 
ent. But in the more highly organized Invertebrates the 
blood is a distinct tissue, coagulating, and containing 
white corpuscles. The blood of the Vertebrates, appar- 

7 
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ently a clear, homogeneons fluid, really consists of minute 
grains, or globules, of organic matter floating in water. 

If the blood of a Frog 
be poured on a filter of 
blotting-paper, a trans- 
parent fluid (calledjp^- 
ma) will pass through, 
leaving red particles, re- 
^a sembling sand, on the 
upper surface. Under 
the microscope, these 
particles prove to be 
cells, or flattened disks 

Fio. 62.— Red Blood-corpnscles of Man : a, shows ^ , , -^ -'' 

clrcnlar oontonr; b, a biooncave section; «^a taining a nUClcUS J SOmC 

are colorless, and others 
red. The red disks have a tendency to run together into 
piles ; the colorless ones remain single. Meanwhile, the 
plasma separates into two parts by coagulating ; that is, 
minute fibres form, consisting of jSbAne^ leaving a pale 
yellowish fluid, called serum,** Had the blood not been 
filtered, the corpuscles and fibrine would have mingled, 
forming a jelly-like mass, known as dot. Further, the 
serum will coagulate if heated, dividing into hardened 
albumen and a watery fluid, called aerosity^ which contains 
the soluble salts of the blood. 

These several parts may be expressed thus : 




Blood 



( Corpascles ■?,,[•" 
J '^ icolorless) 



( Plasma \ i albamen. 

iseram < 

\ 8erosity=water and salts. 



If now we examine the nutritive fluid of the simplest 
animals, we find only a watery fluid containing granules. 
In Badiates and the Worms and MoUusks, there is a sim- 
ilar fluid, with the addition of a few white corpuscles. But 
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there is little SbriDe, and, therefore, it coagnlatee feebly or 
not at all. In the Arthropods and higher UoUnske, the 
circulating flnid contains 
colorleBS nacleated celb, 
and ftoagnktes." In Ver- 
tebrates, there are, in ad- 
dition to the plasma and 
white corpnBcIes of In- i 
vertebrates, red corpus- 
cles, to which their blood 
owes its peculiar hne. 
In Fishes, Amphibians, 
Beptilee, and Birds, i. e., 
all ovi parens Vertebrates, 

these red corpuecles are Fi<'«^-H>'='«"«iBiood-<»ii«of.Prog,xs». 
nucleated ; but in those of Kammals, no nncleus has been 
discovered." 

AH blood- corpuscles are microscopic. The white are 
more uniform in size than the red ; and generally smaller 
(except in Mammals), being abont 
■y^ of an inch in diameter. The 
red corpuscles are largest in Amphib- 
ians (those of Proteus being the ex- 
' treme, or -3-^ of an inch), next in 
Fishes, then Birds and Mammals. The 
' smallest known are those of the Musk- 
Fu.M.—Biiii>ticiii Corpus- deer. In Mammals, the size agrees 
swbiu prominence u^l With the size of the animal only with- 
'^""^ in a natural order ; but in Birds the 

correspondence holds good throughout the class, the larg- 
est being found in the Ostrich, and the smallest in the 
Humming-bird. In Man, they measure ^^nr of an inch, 
so that it would take 40,000 to cover the head of a 
pin. 
As to shape, the colorless corpuscles are ordinarily glob- 
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nlar, or sac-like, in all aDimals; but they are constantly 
changing. The form of the red disks is more permanent, 
although they are soft and elastic, eo that they squeeze 

r 



Fis. «.— CamptntlTB Slu lad Sbap« of the rad CorpOKla of vuioai Anliuib. 
throngh very narrow passages. They are oval, circular, 
or angnlar, in Fishes; oval in Eeptiles, Birds, and the 
Camel tribe ; and circular in the rest of Mammals. They 
are double-convex when nncleated, and doable-concave 
when circular and not nucleated. 

Blood is always heavier than water; but ia thinner in 
cold-blooded than in warm-blooded animals, in herbivores 
than in carnivores. The blood of Birds, which is the hot- 
test known, being 10° higher than Man's, is richest in red 
corpuscles. In Man, they constitate about one half the 
mass of blood. The white globules are far less numerous 
than the red; they are relatively more abundant in venous 
than arterial blood, in the sickly and ill-fed than in the 
healthy and vigorous, in the lower Vertebrates than in 
Birds and Mammals. Their number is subject to great 
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variations, increasing rapidly after a meal, and falling as 
rapidly. 

There is less blood in cold-blooded than in warm-blood- 
ed animals; and the larger the auimal, the greater is the 



rra.Ot.— Ciplllujdrcnlatloii in tha Web ora Frog's Foot, X lOO: a, ^ amall tvIdb ; 
d, upUtaiies la which the otsI carpniwles are leCD to follow one ■iiotbsr In aln- 
gle Mrles ; c. pigment-cells In [he lUn. 

proportion of blood to the body. Man has abont a gallon 
and a half, equal to one thirteenth of his weight. The 
heart of the Greenland Whale ie a yard in diameter. 

The main Office of the Blood ie to Boppiy nourish- 
ment to, and take away waste matters from, all parts of 
the body. It is at once purveyor and Bcavenger. In its 
circulation, it passes, while in the arterial half of the cap- 
illaries, within an infinitesimal distance of the various tis- 
sues. The plasma, carrying the nutritive matter needed, 
exudes through the walls of the capillary tubes ; the tissue 
assimilates or makes like to itself whatever is suitable for 
its growth and repair; and the lymphatics (the escape- 
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pipes) take up any surplus, and return it to the blood. 
At the same time, the venous part of the capillary net- 
work absorbs the waste products of the tissues, expelling 
the gases by the lungs, and the solid matters by the skin 
and kidneys. The special function of the several constit- 
uents of the blood is not wholly known. The colorless 
corpuscles in Vertebrates are supposed to be the source of 
the red disks. The latter are the carriers of oxygen, 
which is taken up by their red matter (haemoglobin) in 
the lungs, and given up to the tissues. The same office is 
performed by the blue coloring -matter (hsemocyanin) in 
the blood of certain Invertebrates, as the Squid and Lob- 
ster. The carbon dioxide is taken up by the plasma. 

Like the solid tissues, the blood, which is in reality a 
liquid tissue, is subject to waste and renewal, to growth 
and decay. The loss is repaired from the products of 
digestion, carried to the blood by the lacteals, or absorbed 
directly by the capillaries of the digestive tract. The 
white corpuscles are probably prepared in many parts of 
the body, especially the liver, spleen, and lymphatic glands. 
In the lower organisms, the nutritive food is prepared by 
contact with the tissues, without passing through special 
organs. Lymph differs from blood chiefly in containing 
less albumen and fi brine, and no red disks. Chyle is 
lymph loaded with fat globules, and is found in the lac- 
teals and vessels connected with them during the absorp- 
tion of food containing fat. 
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CHAPTER XIII. 

THB CIB0nLA.TION OF THE BLOOD. 

The Blood is kept In oontmual motion in order to 
nourish and pnrify the body and itself. For as life means 
work, and work briDgs waste, there is constant need of 
freeh material to make good the loss in every part of the 
system, and of the removal of matter which is do longer 
fit for nee. 

In the very lowest animals, where every part of the 
Btmctore is eqnally capable 
of absorbing the digested 
food and is in contact with 
it, there is no occasion for 
any circnlatioD, although 
in them even the blood is 
not allowed to stagnate. 
Bnt in proportion as the 
power of absorption is con- 
fined to certain parts, the 
more is the need and the 
greater the complexity of 
an apparatus for convey- 
ing the nutritive fluid to 
the varions tiasaes. 

In nearly all animals, 
the nutritive fluid is con- 
veyed to the various parts 
of the body by a system 
of tnbes, called blood^ves- 
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have two seta — arteries and veins, in which the blood 
moves in oppoeite directions, the former carrying blood 
Jrom a central reservoir or heart, 
the latter taking it to the heart. 
In the Yertebrates, the walls of 
these tubes are made of three 
coats, or layers, of tissue, the arte- 
ries being elastic, like rubber, and 
many of the veins being furnished 
with valves." The great artery 
coming out of the heart is called 
aorta, and the grand venous trunk, 
' entering the heart on the opposite 
, side, is called vena cava. Both 
sets divide and subdivide until 
their branches are finer than hairs ; 
and joining these finest arteries 
and finest veins are intermediate 
microscopic tubes, called capiUa- 
ries (in Man about ^^,ra •>' si inch 
^':ei^;:tTZ^'J^l:« i^ diameter).- In these only, so 
»eniDihBmn«ie.or.D<«. thin and dcHcate are their walls, 
does the blood come in contact with the tissues or the air. 
In those Tertebrates which have lungs there are two 
sets of capillaries, since there are two circulations — the 
syatemic, from the heart around the system to the heart 
again, and the pulmonary, from the heart throngh the 
respiratory organ back to the heart. This double course 
may be illustrated by the figure 8. In gill-bearing animals 
there are capillaries in the gills, but not a double circu- 
lation. 

There is no true system of blood - vessels below tlie 
Star-fish. The simplest provision for the distribntion of 
the prodncts of digestion is shown by the Jelly-fish, whose 
stomach sends off radiating tubes (Fig. 197). 
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The first Approach to a Ciroulatory System is made 
hy the Star-fieh and the Sea-arcliin. A vein runB along 
the whole length of the aliinentarj tabe, to absorb the 
ch;Ie, and forms a circle aronnd each end of the tube. 
Tliese circular Vessels send off branches to varions parts 
of the body; but as they are not connected by s net-work 
of capillaries, there can be no circuit (Fig. 39). 

A higher type is exhibited by the Insects. If we ex- 
amine the back of any thin-skinned Caterpillar, a long 
pulsating tube is seen running beneath 
the skin from one end of the body to 
the other. This dorsal vessel, or heart, 
as it is called, is open at both ends, and 
divided by valves into compartments, 
permitting the blood to go forward, 
but not backward. Each compartment 
communicates by a pair of slits, guard- 
ed by valves, with the body -cavity, bo 
that flnids may enter, but cannot es- 
cape. "Circulation" is very simple. 
We have seen that the chyle exadee 
through the walls of the alimentary ca- 
nal directly into the cavity of the abdo- 
men, where it mingles with the blood 
already there. This mixed fluid is 
drawn into the dorsal tube through the r'3-8».-P"rt of the Dor- 
valvular openings as it expands; and a cockchafer biBeewd: 
upon its contraction, all the side-valves d! yBive'a''^iween''thfl 
are closed, and the fluid is forced tow- defe^^* one "ir 'the 
ards the head. Passing out at the front oniices oomronnicaMiie 
° TTlth (he general otUj 

Opening, it is again diffused among and of the »bdomen. 
between the tissues of the body. The blood, therefore, 
does not describe a circle in definite channels so as to re- 
turn constantly to its point of departure. 
Many worms (as the Earthworm) have a pulsating tube 
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extending from tail to head above the alimentarj canal, 
a similar tube on the ventrat side throngb which the blood 
retnras, and crosa-tnbes in every segment. In the Lob- 
eter and Crab, Spider and Scorpion, the dorsal tnbe sends 



Fia. to.— C^reaUtloii in  lobater: a,h«ut! &,tut«r7 tor the ^es; c,trtetj for m- 
Unim; d, hepatic ttrtarj; e,nipeiiiir abdominal anarr !/, sternal arteij; ji, to- 
Dou alnn««a traumittlng bl«>d troin the bod; to Clia bnueblB, A, wbeno It 
ratniM to the heart by Ibe brancblo-cardlac reeeele, t 

off a system of arteries (not found in Insects) ; bnt the 
blood, as it leaves these tnbee, escapes into the general 
cavity, ae in other Arthropoda. The Lobster and Crab, 
however, show a great advance in the concentration of 
the propelling power into a short mnscnlar sac. 

A third development of the circulatory system is fur- 
nished by the Mollasks. Comparatively eluggish, they 
need a powerful force-pump in the form of a compact 
heart. In the Oyster and Snail (Figs. 44, 45), we find sucli 
an organ having two cavities — au auricle and a ventricle, 
one for receiving, and the other for distribating, the blood. 
The aariele injects the blood into the ventricle, which 
propels it by the arteries to the varions organs. Thence 
it passes, not immediately to the veins, as in higher ani- 
mals, bat into the spaces aronnd the alimentary canal. A 
part of this is carried by vessels to the gills or lang, and 
then retamed with the unparified portion to the auricle. 
The whole of the blood, therefore, does not make a com- 
plete circuit. The Clam has a similar heart, bnt with two 
auricles. 



THE aBCULATlON OF THE BLOOD. 107 

A still higher form ib Been in the Cnttle-flsb, the high- 
est of the Invertebrates. This animal has a central heart, 
with a ventricle and two auricles, 

and, in addition, the veins which /i 

collect the blood from the system 
to send it back to the heart by 
the way of the gills are famished 
with two branchial hearts, which 

accelerate the circnlatiou through ** 

those organs. Many of the arte- 
ries and veins are joined by cap- 
illaries, but not all; so that in 
no invertebrate auimal is the 

blood returned to the heart by a ' 

continuous closed system of blood- 
vessels. 

As a rule, in all animals hav- 
ing any circulation at all, the cur- ^ 
rent always takes one direction. 
This is generally necessitated by 
valves. But a curious exception 
is presented by the Ascidians, 
whose tubular heart is valvelese, 
and the contractions occur altei^ 
nately at one end and then the 
other; so that the blood oscil- 
lates to and fro, and a given ves- 
sel is at one time a vein and at 

another an artarv Tn this rn. P'^-"— Cirenls'lnit ApP»«H" !■> 
anotucr au artery. J.u ims re- tueBlrf,: a,br»in:hl«lanBry: », 

spect it resembles the fffital heart ""'rf'ii'iiib; =.™DtriciB[d,«ii. 

, , , , . -1 /n ta '''^'*= «, Tenons Blnne; /,port»l 

of higher animals (rig. 279). velo; ^.InUatloe: A,vetiBi»Ta; 

In Vertebrates only is the cir- teir, or anru; i, kiduera; », 
culating current strictly confined ^""'^ artary. 
to the blood-vessels; in no ca«e does it escape into the 
general cavity of the body. In other respects, there is 
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no great advance in the apparatne of the lowest Verte- 
brates over that of the highest MoUnsks. The heart of 
Fishes, as in the Oyster, has 
two cavities, but its position 
is reversed. Instead of driv- 
ing arterial blood over the 
body, it receives the return- 
ing, or veuouB, blood, and 
eeDda it to the gills. Ke- 
collected from the gills, the 
blood is passed into a large 
artery, or aorta, along the 
hack, ■which distributes it by 
a complex system of capil- 

Fib. Tt—DlagroQi of a single Heart: il, , . lU i- 

mrMe: «,™[rlcle:^YelM leading to lanes among the tlBSUeS. 
aaricie; o, wrw, ot maio art«rr. fheBe Capillaries Unite with 

the ends of the veins which pass the blood into the auri- 
cle" (Fig. 48). 

In Amphibians and in Reptiles generally (as Frogs, 
Snakes, Lizards, and Turtles), the heart has three cavities 
— two auricles and one ventricle. The venous blood from 
the body is received into the right auricle, and the puri- 
fied blood from the lungs into the left. Both throw their 
contents into the ventricle, which pumps the mixed blood 
in two directions — partly to the lungs, and partly around 
the system. Circulation is, therefore, incomplete, since 
the whole current does not pass through the hings, and 
three kinds of blood are found in the body — arterial, ve- 
nous, and mixed. In many animals, however, arrange- 
ments exist which nearly separate the venous from the 
arterial blood. 

The ventricle of Reptiles is partially divided by a par- 
tition. In the Crocodile, the division is complete, so that 
there are really four cavities — two auricles, and two ven- 
tricles. But both ventricles send oflE aortas which cross 
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one another, aud at that point a Braall aperture brings the 
two into commanication. The venone and arterial cnr- 
rente are, therefore, mixed, 
but not within the heart, as 

in the other Beptiles, nor eo i 

extensively. In the etrnctare 
of the heart, as well as in that 
of the gizzard, Crocodiles ap- 
proach the Birds. 

The Highest Form of the 
Circulating System is pos- 
sessed by the warm-blooded 
Tertebrates, Birds and Mam- i 
mals. Not a drop of blood 
can make the circuit of the ^fht rdc"^rF!*pZ<Z^°.'^: 
body without passing through ^- '«" •'"^='* ' *- '*'''*■ 
the lungs, the circulation to and from those organs being 
as perfect as the distribution of arterial blood. The heart 
/ ff * ff consists of four cavities — a 

, right auricle and ventricle, and 

a left auricle and ventricle. In 

■'■■■ other words, it is a hollow mn&- 

^ I cle divided internally by a ver- 

( tical partition into two distinct 

._ ^ chambers, each of which is 

again divided by a valve into 
" an anricle and a ventricle. The 

work of the right anricle and 

^H«!nVS'^Ttri^™wcia! ventricle is to receive the blood 

6, Inferior Ten" ™v»; c. iricaepid from the veius, and scnd it to 

valTO; Alright AoHclo; e, pulmona- ' 

i7T0ln»;/, superior Yens cava: J, the luOgS ; while the Other tWO 

iiuricieif,in<trHiTHiye:m,)eft'veii- receive the blood from the 

tride:B.*>pW». j^^g^^ ^^j p^^p^, -^ ^^^^ j^^ 

body. The left ventricle has more to do than any other 
cavity. The two auricles contract at the same instant; 
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80 also do the ventricles. The conree 

of the current in Birds and Mammals 

' is as follows : the veuons blood 

brought from the system is discharged 

by two or three large trunks" into 

the right anricte, which immediately 

forces it past a valve " into the right 

ventricle. The ventricle then con- 

I tracts, and the blood rnshes through 

[ the palmonary artery past ite aemi- 

Innar valves into the Inngs, where it 

is changed from venons to arterial, 

Fio. TO. - Pun of circaift- retnrniDii: by the pnimonary veins to 

u™ In Plehe«: a, »iirl. , , ° ■'. . %_, . ", 

cie;»,TSDtricie: B,bnn- the left auncle. Ibis sends it past 

f»m tbs ^lll^ A ana dg, which drives it past the semilanar 
Tduaova. valves into the aorta, and thence, by 

its ramifying arteries and capillaries, into all parts of the 

body except the Inngs. 

From the capillaries, 

the blood, now changed 

from arterial to venous, 

is gathered by the veins, 

and conveyed back to 

the heart. 
The Rate of the 

Blood -current gener- 
ally increases with the 

activity of the animal, 

being most rapid in 

Birds." In Insects, 



lively slow; bnt this is "^",^1^ tJ,^''i|'^ 
because the air is taken ■nerimi biood trom tbe 



I of Clrealition Id Amphibia and 
" "'  ■' n Id Birds aod 



)m; b, leltaDrlcle neelTlDi; 



d,t,/, aTBtemlc artery, tsId, uiil caplllarlta; j. 



tOtnenlOOa — tnewnole pnlmonnryarUtrji ft,*,mlii »DaMplll«rle». 
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body being bathed in air, so that the blood has no need 
to hasten to a special organ. However, activity nearly 
doubles the rate of palsation in a Bee. The motion in 
the arteries is several times faster than in the veins, bnt 
diminishes as the distance from the heart increases. In 
the carotid of the Horse, the blood moves 12^ inches per 
second; in that of Man, 16; in the capillaries of Man, 1 
to 2 inches per minate ; in those of a Frog, 1. 

The Cause of the Blood-current may be cilia, or the 
contractions of the body, or pulsating tubes or hearts. In 
the higher animals, the impulse of the heart is not the 
sole means : it is aided by the contractions of the arteries 
themselves, the movements of the chest in respiration, and 
the attraction of the tissues for the arterial blood in the 
capillaries. In the Chick, the blood moves before the 
heart begins to beat ; and if the heart of an animal be 
suddenly taken out, the motion in the capillaries will 
continue as before. It has been estimated that the force 
which the human heart expends in twenty-four hours is 
about equivalent to lifting 217 tons one foot. 



CHAPTER XIV. • 

HOW ANIMALS BREATHE. 

Arterial Blood, in passing through the system, both 
loses and gains certain substances. It loses constructive 
material and oxygen to the tissues. These losses are made 
good from the digestive tract and breathing organ. It 
gains also certain waste materials from the tissues, which 
must be got rid of. Of these waste products, one, carbon 
dioxide, is gaseous, and is passed off from the same organ 
as that where the oxygen is taken in. This exchange of 
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gases between the animal and its surroundings is called 
Respiration. 

The First Object of Respiration is to convert venous 
into arterial blood. It is done by bringing it to the sur- 
face, so that carbon dioxide may be exhaled and oxygen 
absorbed. The apparatus for this purpose is analogous to 
the one used for circulation. In the lowest animals, the 
two are combined. But in the highest, each is essentially 
a pump, distributing a fluid (in one case air, in the other 
blood) through a series of tubes to a system of cells or 
capillaries. They are also closely related to each other: 
the more perfect the circulation, the more careful the pro- 
vision made for respiration. 

Respiration is performed either in air or in water. 
So that all animals may be classed as air -hrea^thers or 
water 'breathers. The latter are, of course, aquatic, and 
seek the air which is dissolved in the water. Land-snails, 
Myriapods, Spiders, Insects, Reptiles, !Birds, and Mam- 
mals breathe air directly ; the rest, with few exceptions, 
receive it through the medium of water. In the former 
case, the organ is internal ; in the latter, it is more or less 
on the outside. But however varied the organs — tubes, 
gills, or lungs — they are all constructed on the same prin- 
ciple — a thin membrane separating the blood from the 
atmosphere. 

( 1 ) Sponges, Infasoria, and Polyps have no separate respir- 
atory apparatus, but absorb air, as well as food, from the 
currents of water passing through them. 

In the Star-fish, Sea-urchin, and the like, we find the 
first distinct respiratory organs, although none are exclu- 
sively devoted to respiration. There are two sets of ca- 
nals — one carrying the nutrient fluid, and the othier, radi- 
ating from a ring around the mouth, distributing aerated 
water, used for locomotion as well as respiration. This 
may be called the "water-pipe system." Besides this, 
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there are namerone gill-like fringes, which 
probably aid in respiration (Fig. 39). 

Fresh-water Worms, like the Leech and 
Earth - worm, breathe by the skin. The 
body is always covered by a viscid fluid, 
which has the property of absorbing air. 
The air is, therefore, bronght into immedi- 
ate contact with the soft skin, nnderneath 
which lies a dense net-work of blood-ves- 
sels. 

But most water- breathing animals have 
gills. The simplest form is seen in Marine 
Worms : delicate veins projecting through 
the skin make a series of arborescent tufts 
along the side of the body; as these float 
in the water, the blood is purified." Bi- 
valve Mollusks have four flat gills, consist- 
ing of delicate membranes filled with blood- 
vessels and covered with cilia. In the Oys- p,^ „ 
ter, these ribbon-like folds are exposed to lAnmeii^puaitB- 
- - the water when cuaie, ahowinK 

, , ,, Uie tnrta of capll- 

the SUell opens; latlee, or eiUniHl 

bnt in the Clam, ^:^ J";,;,';*: 

the mantle en- er«'"J'"'»- 

' closes them, forming a tube, 

called siphon, through which 

the water is driven by the 

cilia. The aquatic Gastero- 

pods (Univalves) have either 

tufts, like the Worms, or comb- 

ria. Ts—MHennnmiiiiR sccttnn oT It like ciliated gills in a cavity 

mantle- b giiiB sbawing t^DSY«r» Dohmd the head, to which the 

I^ZTI '^Z1t:\T:'^t ^^^^^ :« ^^mitted by a siphon. 

neysi h. venoD> alnw, t. fool: A. The Cuttle-fish haS fiat gills 
branchlnl, or palllnl, cbamber; B, , , , i , i 

epibtoncbiai cbamb«r. Covered by the mantle ; but the 
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water is drawn id by mnBcular contractions instead of hy 
cilia. The end of the siphon throngh which it is ejected 
is called the/unnel. The gills of Lobsters and Craba ai'e 
placed in cavities covered by the sides of the shell (cai-a- 
pace); and the water is brought in from behind by the 
action of a scoop-shaped process attached to one of the 
jaws, which constantly bales the water out at the front. 

The perfection of apparatus for aquatic respiration is 
seen in Fishes. The gills are comb-like fringes supported 
on four or five bony or cartilaginous arches, and contain 
myriads of microscopic capillaries, the object being to ex- 
pose the venous blood in a state of minute subdivision 
to streams of water. The gills are always covered. In 
bony fishes they are attached to the hinder side of bony 
arches, all covered by a flap of the skin, supported by 
bones (the gill-cover, or operculum), and the water escapes 
from the opening left at its hinder edge. In Sharks, the 
gills are placed in pouches whicli open separately (Figs: 
164 and 287), The act of " breathing water" resembles 
swallowing, only the water passes the gills instead of en- 
tering the gullet. 

(2) Air-breatliers have 
trachea, or lungs. The 
former consist of two 
principal tubes, which 
pass from one end of 
the body to the other, 
opening on the surface 
by apertures, called spir- 
acles, resembling a row 
of button - holes along 
the sides of the thorax 
and abdomen, and rami- 
n«. re.-spir.cte or.n ta«ct. X ra. ^^^^^ through the small- 
est and most delicate oi'gans, so that the air may follow 
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the blood wherever it circulates. To keep the pipes ever 
open, and at the same time leave them flexible, they are 
provided with an elastic spiral thread, like 
tiie rubber tnbe of a drop-light. Eespira- 
tion is performed by the movements of 
the abdomen, us may be seen in the Bee 
when at rest. This "air-pipe system," as 
it may be termed, is best developed in In- 
sects. 

The " nerves " of an Insect's wing eon- 
sist of a tube within a tube : the inner one TobeotaniuBBci, 
IS a trachea carrying air, and tlie outer one, ahnwias eiutic 
sheathing it, is a blood-vessel. So perfect ''''"' "'""'^ 
is the aeration of tlie whole body, from brain to feet, 
the blood is oxygenated at the moment when, and on the 
spot where, it is carbonized; only one kind of flaid is, 




Fia. Sl.—Ideal 



therefore, circulating — arterial. It is difficult to drown 
an Insect, as the water cannot enter the pores; but if a 
drop of oil be applied to the abdomen, it falls dead at 
once, being siifEocated, Tlie largest spiracle is usually 
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fonnd oD tlie thorax, ae nn- 
der the wing of a Moth: 
each ma; be Btrangled by 
pinching the thorax. 
I la Millipedes and Cent!- 
' pedeB, the spiracles open 
into little sacs connected 
together by tnbes ; in Spi- 
ders and Scorpions, the 
spiracles, nsuaUy four in 

Fia M.-Se«i™ tbroneh  bronchliil Inbe, I»l™her, are the months of 
Long of » Bird, mBgqlfled: o,thecaTity! ga^g withotlt tho tobeS, and 
^ It. lining inembraQe«nppoillng blood- ... , ^, 

TSMels; c,pBrIoriiUuas atthaoiiaceBof the Itltenor OI the sac 18 
tbe labnUr posiagM, d; e, Inlerlobnlar .• > • . <■ < j t ji 

■pacee. eODWlnlngllie lerailaal branche. gathered intO f olds. Land- 
er Ibe pulmonary veeHla Buppljlng tbo anollj, V,Hvfi nnfi Rnirnrln np 
tmplllar7plBiBi!,/,lolhem«Bb«ofwllich 8°^"^ °»*'B 0"8 SpiraCIC, Or 

UMtirsauacceiwbjiheiobniarpaBBagBt. aperture, on the left sido of 
the neck, leading to a large cavity, or sac, lined with fine 
blood-vesBels. These sacs represent the primitive idea of 
a Inng, which is but an infolding of the skin, divided np 
into celte, and covered with capillary veins." 



IS. BS.-Piirt of a Iranevene e«Hon of a Pla'a Bronchi*! Twig, x »«; a, o 
flbrooa lajrer; 6, mnacnlar taret! ". lunar flbrune lejer; d, epltheUal layer i 
cilia ; /, one of tbs neigbbatliiK alveolL 
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Like the alimentary canal, the lungs of an animal arc 
really an inflected portion of the onter surface; 8o that 
breathing by the skin and breathing by lungs are one in 
principle. Indeed, in many animals, especially Frogs, res- 
piration is carried on by both lungs and skin. 

The Inngs of Tertebrates are derived from the front 
part of the alimentary canal. In some Fishes, air is swal- 
lowed, which passes the whole length of the digestive 
tract, and is expelled from the anns. Here 
tbe whole canal serves for respiration. In 
Keptiles, Birds, and Mammals the hinder 
part of the intestine develops an outgrowth 
(the allantois) during embryo-life which 
serves as tbe embryo's breathing organ (Figs. 
170, 171). 

All Vertebrates have two kinds of respir- 
atory organs in the course of their life. 
Fishes have gills; their lung (the air-blad- 
der) rarely serves as a functional respiratory 
organ, and is sometimes wanting. Amphibi- 
ans have gills while in the larval state. Some 
keep them throughout life ; but all develop 
functional lungs, and also breathe by means 
of the skin. 

In the remaining Vertebrates, the allantois 
is the breathing organ of the embryo, and 
tbe Inng is the breathing organ of the adult. 
The skin is of small or no importance in 
respiration. 

The lungs of Vertebrates are elastic mem- 
branous sacs, divided more or less into cells or » suake: a, 
to increase the surface. Upon the walls of blfbr^tioni t 
the cells are spread the capillary blood-ves- ^'rr''d.'pniiBo^ 
sels. The smaller the cells, the greater the nwr win: a» 

Idok, B, ta rodl- 

extent of surface upon which the blood is atmuij. 
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exposed to the inflaence of the air, and, therefore, the 
more active the respiration and the purer the blood. The 
Innga are relatively largest in Reptiles, and smallest in 
Mammals. But in the cold-blooded Amphibians and Kep- 
tilee, the air-cells are few and large ; in the warm-blooded 
fiirde and MammaU, thej are exceedingly numerous and 
minute." In Birds and Mammals, the blood in the capil- 
laries is exposed to the air on all sides ; in the Eeptiles, 
on one only. Bespiration is most perfect in Birds ; they 
reqnire, relatively to their weights, more air than Mam- 
mals or Beptilee, and most quickly die for lack of it. In 
Birds, respiration is not conSned to the lungs; bnt, as in 
Insects, extends through a great part of the body. Air- 
sacs connected with the lungs exist in the abdomeu and 
nnder the skin of the neck, wings, and legs. Even the 
bones are Jiollow for this purpose ; so that if the wind- 



Fia. SS.— LnnEs orn Vrog: a, hjold 


1 


spparalae; (..carlHif-luoua ringat 




root of the Inngs; e, pnlmomry 




veseelai rf.pnlmonsry saca.hnvlng 




Ihii pecoliarHy common to all cold- 






Fia, 85. — nistribnlion of Air- tnbea in Mam- 


ehea dose not divide Into bronchial 


malian Lnngt: n, laryni; ft, trachaa; t, d, 




left and right broncWal inbes; *, /, g, the 


bj oriOcea wblch open nl onco Into 


ramlflcatlona. In Man the eubdl.lslon cou- 


theBeoerilcnTltr. Ac.irlUaglnoui 




nel-norkdlvld«tbe apace Into lit- 


tj.flftbof8iilD0hlndl«met«r. Bacb lobale 


tle e»c>, on the walla of wbkb tbB 




capUlsrieaareepreud. 


entire lung or &Fiag. 
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pipe be tied, and an opening be made in tlie wiog-boDe, 
the bird will continue to respire. The right lung is uen- 
ally the larger; in aume Snakes, the left is wanting en- 
tirely. In most Vertebrates, lungs are freely Bospended; 
in Birds, they are fastened to tJie back. 

The lungs communicate with the atmosphere by means 
of the trachea, or windpipe, formed of a series of cartilag- 
inous rings, which keep it constantly open. It begins in ' 
the back part of the month, opening into the pharynx by 
a slit, called the glottig, which, in Maminals, is protected 
by the valve-like epiglottis. The trachea passes along 
the neck in front of 
the oesophagus, and 
divides into two 
branches, or hronchi, 
one for each lung. 
In Birds and Mam- 
mals, the bronchial 
tabes, after entering 
the Inngs, subdivide 
again into minute 
ramifications. 

Vertebrates are the ^°- "-«i"""«*° "' ' ^^■ 

only anitnals that breathe through the month or nos- 
trils. Frogs, having no ribs, and Turtles, whose ribs are 
soldered together into a shield, are compelled to swallow 
the air. Snakes, Lizards, and Crocodiles draw it into the 
lungs by the play of the ribs.". Birds, unlike other ani- 
mals, do not inhale the air by an active efEort ; for that is 
done, by the springing-back of the breast-bone and ribs to, 
their natural position. To expel the air, the breast-bone 
is drawn down towards the back-bone by muscles, which 
compresses the lungs. 

Mammals alone have a perfect thorax — i. e., a closed 
cavity for the heart and lungs, with movable walk (breast-, 
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bone and ribs) and a diaphragm, or muscnlar partitioD, 

separatiQg it from the abdomen." Ingpiratiou (or filling 

the lungs) and expiration (or emptjiug the lunge) are 

both accomplished hy muscnlar exertion ; the former, by 

raising the ribs and lowering the diaphragm, which en- 

g a b large the capacity of the 

^ ' ^ chest, and the air mshes 

in to prevent a vacuum; 

• the latter, by the ascent of 
the diaphragm and the de- 

* scent of the ribs. 

As a mle, tlie more ac- 
^ tive and more mUECnlaran 
'' animal, the greater the de- 
^ mand for oxygen. Thus, 
V warm-blooded animals live 
fast, and their rapidly de- 
caying tissnea call for rapid 
*" respiration ; while in the 
y cold-blooded creatnres the 
waste is comparatively 

Fio. ea,— HnmaD Thorai: o, Tertebml eol- sloW. Eespiration 18 mOSt 
eUvlcle'; e| Inie'rcottsl mneclce, remo^ active in Birds, and IcaSt 

/.puursofthedUphraemsttachBdtothB m water-oreammganimais, 

InmhwverWbrei j, mmde. for elerntlns The slUffsiah Tosd resoires 
the ribi : h, slernom. OS f 

more slowly than the busy 
Bee, the Mollnsk more slowly than the Fish. But respi- 
rations, like beats of the heart, are fewer in large Mam- 
mals than in small ones. An average Man inhales abont 
300-400 cubic feet of air per day of rest, and mach more 
when at work. 

Another result of respiration, besides the purification 
of the blood, is the production of heat. The chemical 
combination of the oxygen in the air with the carbon in 
the tissues is a true combustion ; and, therefore, the more 
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active the animal and its breathing, the higher its temper- 
ature. Eirds and Mammals have a constant temperature, 
which is usually higher than that of the atmosphere (108^ 
and 100° F. respectively). They are therefore called con- 
BUmtrtem/peraiured or warrrvMooded. Other animals do 
not vary greatly in temperature from that of their sur- 
roundings, and are called e7mng6aMe-l£mjp€ra;i/wred or coldr 
Uooded. Still, their temperature does not agree exactly 
with that of the air or water. The Bee is from 3° to 10°, 
and the Earth-worm and Snail from 1^° to 2°, higher than 
the air. The mean temperature of the Carp and Toad is 
51°; of Man, 98°; Dog, 99°; Cat, 101°; Squirrel, 105°; 
Swallow, 111°. 



CHAPTEE XV. 

SECBETION AND EXCRETION. 

In the circulation of the blood, not only are the nutrient 
materials deposited within the body in the form of tissue, 
but certain special fluids are separated and conveyed to 
the external or internal surfaces of the body. These flu- 
ids are of two kinds : some, like saliva, gastric juice, bile, 
milk, etc., are for useful purposes ; others, like sweat and 
urine, are expelled from the system as useless or injurious. 
The separation of the former is called secretion; the re- 
moval of the latter is excretion. Both processes are sub- 
stantially alike. 

In the lower forms, there are no special organs, but se- 
cretion and excretion take place from the general surface. 
The simplest form of a secreting organ closely resembles 
that of a respiratory organ, a thin membrane separating 
the blood from the cavity into which the secretion is to 
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be poured. Usually, however, the cells of the membrane 
manufacture the secretion from materials furnished by the 
blood. Even in the higher animals, there are such secret- 
ing membranes. The membranes lining the nose and ali- 
mentary canal and enclosing 
the lungs, heart, and joints, 
secrete lubricating fluids. 

The infolding of such a 
membrane into little sacs or 
short tubes {folMcUi), each 
having its own outlet, is the 
type of all secreting and ex- 
creting organs. Tlie lower 
tribes have nothing higher, 
and the apparatus for pre- 
paring the gastric fluid at- 
tains no further develop- 
ment even in Man. When 

Fia. S8.^ree pImib of wcrellng Mem- a olustcr of these folHcIeS, Or 
Srsne*. The besTj line [epreseiiU the . ' 

■raoiK-vdKuiat layer; the neii Une is sacB, discharge their Contents 

lbs bnBemeuti or ItmLllng membrane; 

sndlheduUed line the eplUiellBllajer: by OnC COmOlOn dHCt, WO 

;,;urot"5;^d°'p~,,'^ tt. have a gland. But whether 

modes ot liicreaae bj; reeesHa. tonning membrane, folIiclc, OT gUud, 
atmple g]aiids,or tolliclsB; c, two [arms ' > Ci ) 

ofcomponndgiiindfl. the Organ is covered with a 

net-work of blood-vessels, and lined with epithelial cells, 
which are the real agents in the process. 

The chief Secreting Organs are the salmary glands, 
gastric follicles, pancreas, and liv&r, all situated along the 
digestive tract. 

1. The salivary glands, which open into the month, se- 
crete saliva. They exist iu nearly all Vertebrates, higher 
Mollusbs, and Insects, and are most largely developed in 
such as live on vegetable food. The saliva serves to lu- 
bricate or dissolve the food for swallowing, and, in some 
Mammals, aids also in digestion of starch." 



il 



SECHETIOK AND EXCRETION, 123 

2. The gastric folliclee are intnnte tabes in tbe walls of 
tile stomach secreting gastric juice. They are fonnd in 
all Vertebrates, and in the higher Mol- « <> 
Insks and Arthropods. In tbe lower ' 

forme, a simple membrane lined with 
cells serves the same purpose. Under 
the microscope, the soft mucous mem- 
brane of the human stomach preseuts a 
honej-coinb appearance, caused by nu- 
merous depressioDB or cells. At the bot- 
tom of these depressions are clusters of 
spots, which are the orifices of the tubu- 
lar follicles. Tbe follicles are about -j-^ 
of an inch in diameter, and number mill- 
ions. 

3. The pancreas, or "sweetbread," bo 
important in the process of digestion, '8i^^b"ot"7'Di>g,"x 
when present, exists only in the Verte- Jh^rtT/H'i™'?;!!: 
brates, and perhaps in the higher Mol- '"m""' epiiiBiinm. 
Insks. In its structure and its secretion it closely resem- 
bles the salivary glands. In the Cnttle-fisl), it is repre- 
sented by a sac; in Fish- 
es, by a group of follicles. 
It is proportionally larg- 
est in Birds whose sali- 
vary glands are deficient. 
The pancreatic juice en- 
ters the duodenum. 

4. A liver in some form 
is found in all animals 
having a distinct diges- 
tive cavity. In Moltusks 

•, cjMlc duct ;c, duct from lh« liver !P,p J- ^"*^ ¥ Crieoraies, 11 IS uie 

loricTsiTej ^(.dnodenum. largest gland in the body. 

The higher the animal, the more compact the organ. 
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Tbiie, in Poljps it ie represented bj yellowish cells lioing 
tlie stomach ; in Insects, bj cells in the wall of the stom- 
ach ; in MoUasks, by a cluster of sacs, or follicles, forming 
a loose componnd gland. In Yertebmtes, the liver is well 
defined, and composed of a multitude of lobules (which 
give it a granular appearance) arranged on the capillary 
veins, like grapes on a stem, and containing nucleated 
secreting cells. It is of variable shape, but usually two, 
three, or five lobed, and is centrally situated — in Mam- 
mals, just below the diaphragm. In most Vertebrates, 
there is an appendage to the liver, called the g^lMadder, 
which is simply a reservoir for the bile when not wanted. 
The so-called liver of Invertebrates is probably more 



Tu, M.— Uver of the Dog, F, F( D, dDodeDUm and tateMIno: F, pinerMa: r, 
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like the pancreas of Yertebrates in function, as its secre- 
tion digests starches and albuminoids. The liver of Ver- 
tebrates is both a secretory and an excretory organ. The 
bile performs an important, although ill-understood, func- 
tion in digestion, and also contains some waste products. 
The gland also serves to form sugar from part of the 
digested food, and may well be called a chemical work- 
shop for the body. In animals of slow respiration, as 
Crustaceans, Mollusks, Fishes, and Eeptiles, fat accumu- 
lates in the liver. " Cod-liver oil " is an example. 

The great Excreting Organs are the Itmgsj the kid- 
neysj and the shin; and the substances which they re- 
move from the system — carbonic acid, water, and urea — 
are the products of decomposition, or organic matter on 
its way back to the mineral kingdom.*" Different as these 
organs appear, they are constructed upon the same prin-. 
ciple : each consisting of a very thin sheet of tissue sepa- 
rating the blood to be purified from the atmosphere, and 
straining out, as it were, the noxious matters. All, more- 
over, excrete the same substances, but in very different 
proportions : the lungs exhale carbon dioxide and water, 
with a trace of urea ; the kidneys expel water, urea, and 
a little carbon dioxide ; while the skin partakes of the nat- 
ure of both, for it is not only respiratory, especially among 
the lower animals, but it performs part of the work of the 
kidneys when they are diseased.^ 

1. The lungs (and likewise gills) are mainly excretory 
organs. The oxygen they impart sweeps with the blood 
through every part of the body, and unites with the tis- 
sues and with some elements of the blood. Thus are pro- 
duced heat and work, whether muscular, nervous, secre- 
tory, etc. As a result of this oxidation, carbon dioxide, 
water, and urea or a similar substance, are poured into the 
blood. The carbon dioxide and part of the water are 
passed off from the respiratory organs. This process is 
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more immediately necessary to life than any other: the 

arrest of respiration is fatal. 

2, While the lungs (and skin also, 
to a slight degree) are sources of 
gain as well as loss to the blood, the 
kidneys are purely excretory organs. . 
Their main function is to eliminate 
the solid products of decay which 
cannot pass out by the lungs. In 
Mammals, they are discharged in 
solution ; but from other animals 
which drink little the excretion is 
more or less solid. In Insects, the 
kidneys are groups of tubes ; in the 

Fib. »3.-s.cii™ of Eom.n ^'S''^'' Mollusks, they are represent- 
Kidiiej, showiDg the Who- ed by spongv masses of follicles; in 

liir portion, 8, KTonped Into . , ' ., ,, , , ' 

codbb; t, the nreter, or out- Vertebrates, they are well-developed 

let of the Hecrfltion. i j .. . i i . . 

glands, two m number, and consist- 
ing of closely packed tubes. 

3. The skin of the soft-skinned animals, particularly of 
Amphibians and Mammals, is covered with minute pores, 
which are the ends of as many delicate tubes that lie 
coiled up into a knot within the true skin. These are 
the sweat-glands, which excrete water, and with it certain 
salts and gases. 

Besides these secretions and excretions, there are others, 
conlined to particular animals, and designed for special 
purposes: such are the oily matters secreted from the 
skin of quadrupeds for lubricating the hair and keeping 
the skin flexible ; the tears of Reptiles, Birds, and Mam- 
mals; the milk of Mammals; the ink of the Cuttle-fish; 
the poison of Jelly-fishes, Insects, and Snakes ; and the 
silk of Spiders and Caterpillars. 
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CHAPTER XVI. 

THE SKIN AND SKELETON. ' 

The Skin, or Integument, is that layer of tissue which 
covers the outer surface of the body. The term Skeleton 
is applied to the hard parts of the body, whether external 
or internal, which serve as a framework or protection to 
the softer organs, and afford points of attachment to mus- 
cles. If external, as the crust of the Lobster, it is calle^d 
Exoskdeton ; if internal, as the bones of Man, it is called 
Endmkeleton. The former is a modification of the skin ; 
the latter, a hardening of the deeper tissues. 

1. The Skin. — In the lowest forms of life, as Amceba, 
there is no skin. The jelly of which they are composed 
is firmer outside than inside, but no membrane is present. 
In Infusoria, there is a very thin cuticle covering the ani- 
mal. They have thus a definite form, while the Amoebsa 
continually change. Sponges and Hydras also have no 
true skin. But in Polyps, the outside layer of the animal 
is separated into two portions — ecderon and enderon"^- 
which may be regarded as partly equivalent to epidermis 
and dermis in the higher animals. These two layers are, 
then, generally present. The outer is cellular, the latter 
fibrous, and may contain muscular fibres, blood-vessels, 
nerves, touch-organs, and glands. It thus becomes very 
complicated in some animals. 

In Worms and Arthropods, the cellular layer, here 
called hypodermis, excretes a structureless cuticle, which 
may become very thick, as in the tail of the Horseshoe 
Crab, or may be hardened by deposition of lime-salts, as 
in many Crustacea. The loose skin, called the manUe^ 
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which envelopes the body of the MoUusk corresponds to 
the true skin of higher animals. The border of the man- 
tle is surrounded with a delicate fringe, and, moreover, 
contains minute glands, which secrete the shell and the 
coloring matter by which it is adorned. The Tunicates 
have a leathery epidermis, remarkable for containing, in- 
stead of lime, a substance resembling vegetable cellulose. 

In Mammals, whose skin is most fully developed, the 
dermis is a sheet of tough elastic tissue, consisting of in- 
terlacing fibres, and containing blood-vessels, lymphatics, 
sweat-glands, and nerves. It is the part converted into 
leather when hides are tanned, and attains the extreme 
thickness of three inches in the Ehinoceros. The upper 
surface in parts of the body is covered with a vast num- 
ber of minute projections, called papillcB^ each containing 
the termination of a nerve ; these are the essential agents 
in the sense of touch." They are best seen on the tongue 
of an Ox or Oat, and on the human fingers, where they 
are arranged in rows. 

Oovering this sensitive layer, and accurately moulded 
to all its furrows and ridges, lies the bloodless and nerve- 
less epidermis. It is that part of the skin which is raised 
in a blister. It is thickest where there is most pressure 
or hard usage : on the back of the Oarael it attains un- 
usual thickness. The lower portion of the epidermis 
. (called rete mucosmn) is comparatively soft, and consists 
of nucleated cells containing pigment-granules, on which 
the color of the animal depends. Towards the surface 
the cells become flattened, and finally, on the outside, are 
changed to horny scales (Fig. 2, c). 

These scales, in the higher animals, are constantly wear- 
ing oflE in the form of scurf, and as constantly being 
renewed from below. In Lizards and Serpents, the old 
epidermis is cast entire, being stripped off from the bead 
to the tail; in the Toad, it comes off in two pieces; in the 
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Frog, in shrcde ; in Fielies and some MolluskB, in the form 
of slime. However modified the epidermiB, or whatever 
its appendages, the like process of removal goes on. Mam- 
mals shed their hair ; Birds, their feathers ; and Crabs, 
their shells. When the loss is periodical, it is termed 
moulting. 

2. The Skeletone. — H > The Exoskeleton is developed 
by the hardening of the skin, and, with very few excep- 
tions, ie the only kind of skeleton possessed by inverte- 
brate animals. The nsnal forme are coral, shells, crusts, 
scales, plates, hairs, and feathers. It is horny or calca- 
reous; while the efidmkeleton is generally a deposit of 
earthy material within the body, aud is nearly confined' 
to the Yertebrates. The exoskeleton may be of two kinds 
— dermal and epidermal. 

The microscopic particles of living jelly, called Polyeis- 
tina and I'hramimfera, possess siliceous and calcareous 
shells of the most beautiful patterns. The Sponge has a 
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Bkeletoo of homy fibres, which is the sponge of commerce- 
Coral is the solid framework of certain Polyps. There 
are two kinds: one represented by the common white 
coral, which is a calcareous secretion within the body of 




ria. »6.— l,Vertl«i1 SecHnn, mi, J,Tr»n»ier«B Secli™, o[ a sclerndermic CorHllite; 
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the Polyp, in the form of a cylinder, with partitions ra- 
diating towards a centre {sclerodenn) ; the other, repre- 
sented by the solid red coral of jewelry, is a central axis 
deposited by a group of Polyps on the outside {adero- 
hose). The first 
sort is a dermal, the 
latter an epider- 
mal, exoskeleton. 

The skeleton of 
the Star-fish is a 
leathery skin stud- 
ded with calcare- 
ous particles and 
plates. The Sea- 
urchin is covered 
with an inflexible 

and beantifnl constrnetion. The shell is really a calcified 
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skin, being a net- work of fibrons tissue and eartliy matter. 
It varies in shape from a sphere to a disk, and consiBts 
of hundreds of angular pieces accurately Utted together, 
like moeaic-work. These form ten zones, like the ribs of 
a melon, five broad ones alternating with five narrower 



Fia. ST.— SCracttiM of Seo-iiccblne' S|i1ii«e: 1. 1>. epins 
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ones. The former (called interamhulaera) are covered 
with tubercles bearing movable spines. The narro,w 
zones (called an^idaera, as they are likened to walks 
through a forest) are pierced with small holes, throngh 
which the animal sends out fleshy sucker-feet. 

The akin of the Crab and Lobster is hardened by cal- 
careous deposit into a "crust," or shell;" but, instead of 
forming one piece, it is divided into a series of segments, 
which move on each other. The number of these seg- 
ments, or rings, is usually twenty-one — to the head, tho- 
rax, and abdomen, seven each. In the adult, however, 
the rings of the head and thorax are often soldered to- 
gether into one shield, called cephalo-tkorax ; and in the 
Horseshoe Crab the abdominal rings are also united. The 
shell of Crustaceans is periodically east off, for the arii- 
raals continue to grow even after they have reached their 
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matnre form. This tnonltiag is a very reniftrbiible opera- 
tion. How the Lobster caa draw its legs frOpi; their cases 
without^ unjointiDg 



or splitting them 
was long a pnz-. 
zle. The flesh be- 
comes soft, and is 
drawn through the 
joints, the wounds 
thns cansed qnickly 
healing. The cast- 
off skeleton is a per- 
fect copy of the an- 
imal, retaining in 
their places the del- 
icate coverings of 
the eyes and auten- 
nee, and even the 
Pre. B8.-Di.gTun nf mi iokM: A, Held bMrtoj ti» lining membrane of 

w ud uiIeHDB: B, prothorsi, corrjliig tbe AnC " 

 1, larrylng the ««ond the StOmach With itfl 
wings; D, earrylDglhs . 



tblrd pair oT leg* and h 
doiaeii. witb nilpoaltor, tr; i, ci 
chanMr : B, I«mnr, or Iblxb : 4, til 
■IIS, or toot; <. claw. 



Ir of lega; C, m 

T'lB "" . . . 

>: E,ab- teeth. 

"._ The horny cmst 
of Insects differs 
from that of CruEtaceans in consisting mainly of a horny 
snbstance called chitine and in containing no lime. The 
head, thorax, and abdomen are distinct, and usually con- 
sist of fourteen visible segments— one for the head, three 
for tbe thorax (called proihora/x, meaothorax, and tnetatho- 
rax), and ten for the abdomen. The antennee, or feelers, 
legs, and wings, as well as hairs, spinee, and scales, are ap- 
pendages of the skeleton. As Insects grow only during 
the larval, or caterpillar, state, moulting is confined to that 
period. These skeletons are epidermal, deposited in suc- 
cessive layers, from the inside, and are, therefore, capable 
of but slight enlargement when once formed. 
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The shells of MoUusks are well-known examples of exo- 
skeletons. The mantle, or loose skin, of these animals se- 
cretes calcareous earth in successive layers, converting the 
epidermis into a "shell."" So various and characteristic 
is the microscopic character of shells, that a fragment is 
sometimes sufficient to determine the group to which it 
belongs. Many shells resemble that of the Fresh-water 
Mussel {Unio), which is composed of three parts: the ex- 
ternal brown epidermis, of horny texture ; then the pris- 
matic portion, consisting of minute columns set perpen- 
dicularly to the surface; and the internal nacreous layer, 
or " mother-of-pearl," made up of exceedingly thin plates. 
The pearly lustre of the last is due to light falling upon 
the outcropping edges of wavy laminsB." In many cases, 
the prismatic and nacreous layers are traversed by minute 
tubes. Another typical shell-structure is seen in the com- 
mon Cone, a section of which shows three layers, besides 
the epidermis, consisting of minute plates set at different 
angles. The Nautilus is composed of two distinct layers : 
the outer one having the fracture of broken china ; the 
inner one, nacreous. 

Most living shells are made of one piece, as the Snail ; 
these are called " univalves." Others, as the Clam, con- 
sist of two parts, and are called " bivalves." In either 
case, a valve may be regarded as a hollow cone, growing 
in a spiral form. The ribs, ridges, or spines on the out- 
side of a shell mark the successive periods of growth, and, 
therefore, correspond to the age of the animal. The 
figures on the following page show the principal parts 
of the ordinary bivalves and univalves. The valves of a 
bivalve are generally equal, and the umbones, or beaks, a 
little in front of the centre. The valves are bound to- 
gether by a ligature near the umbones, and often, also, by 
means of a " hinge" formed by the " teeth " of one valve 
interlocking into cavities in the other. The aperture of 
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a nnivalve is freqnentlj closed by ft horny w etlcareous 

plato, called " operculum," which the animal carriee on its. 

back, and which is a part of the e 

skeleton. The BhellB oi MoUaska ' 

are epidermal, and are, therefore, 

dead and incapable of true repair. 

When broken, they can be mended 
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the letractOT at tbe ilphoua. rlar canal. 

only by the animal pouring out lime to cement tlie parts 
together. They cannot grow together, like a broken bone. 

Imbedded in the back of the Cuttle-fish is a very light 
spongy " bone," which, as already observed, is a secretion 
from the skin, and therefore belongs to the exoskeleton. 
It has no resemblance to tnie hone, but is formed, like 
shells, of a nnmber of calcareous plates. Nevertheless, 
the Cuttle-fish does exhibit traces of an endoskeleton : 
these are plates of cartilage, one of which surrounds the 
brain, and hence may be called a sknll. To tliis cartilage, 
not to the " cuttle-bone," the muscles are attached. 

In Vertebrates, the exosketeton is subordinate to tbe 
endoskeleton, and is feebly developed in comparison. It 
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is represented by a great varietj of appendages to the 
skin, which are mainly organs for protection, not for snp- 
port. Souie are horny 
developments of the ep- 
idermis, such as hairs, 
feathers, nails, claws, 
hoofs, horns, and the 
scales of Beptiles; oth- 
ers arise from the hard- 
ening of the dermis by 
. calcareous matter, as the 

_ I r !:'■ u ii. 1 Fia. 101.— SkeleUI ArehllmtorB In the AniMdil- 

Bcales of Fishes, the bony ,„^ ^bowiug u.« reuuou ot ibo c«.p»x to Uw 
plates of Crocodiles and '«"ebr«i coinmn. 
Tnrtles, and the shield of the Armadillo. 

The scales of Fishes (and likewise the spines of their 
vertical fins) lie imbedded in the overlapping folds of the 
skin, and are covered with a thin, slimy epidermis. The 
scales of the bony Fishes (Perch, Salmon, etc.) consist of 
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two layers, slightly calcareous, and marked by concentric 
and radiating lines. Those of the Shark have the structure 
of teeth, while the scutes, or plates, of the Crocodiles, 
Turtles, and Armadillos are of true bone. 

The scales of Snakes and Lizards are horny epidermal 
plates covering the overlapping folds of the true skin. 
In some Turtles these plates are of great size, and are 
called "tortoise-shell;" they cover the scutes. The scales 
on the legs of Birds, and on the tail of the Beaver and 
Kat, have the same structure. Nails are flattened horny 
plates developed from the upper surface of the fingers 
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and toes. Claws 
are sharp conical 
I nails, .being devel- 
oped from the sidea 
as well as npper 
surface; and hoof a 
are bhint cylin- 
drical clawB. Hol- 
low horns, as of the 
Ox, may be likened 
to claws sheathing 
a bony core. The 
horn of the Rhinoc- 
eros is a solid mass 
of epidermal fibres. 
" Whalebone," the 



rattles of the Rattlesnake, and the 
beaks of Turtles and Birds, are like- 
wise epidermal. 

Hairs, the characteristic clothing 
of Mammals, are elongated horny 
cones, composed of " pith " and 
"crnst." The latter is an outer 
layer of minute overlapping scales, 
which are directed towards the 
point, so that rubbing a human 
hair or fibre of wool between the 
thnmb and finger pushes the root- 
end away. The root is bulbous, 
and is contained in a minute de- 
pression, or sac, formed by an in- 
folding of the skin. Hairs are usn- 

ally set obliquely into the skin, dermic ictiee, the ii 
Porcupine's quills and Hedgehog's ortheeii«n,b«iiigimbri™t« 

, , ■!■ ^ the ronl consleto of ■ogo 

spines make an easy transition to ceiie loaded with pigmeni. 
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feathers, which differ from haira only in sph'tting up into 
namcrons laminte. Thej are the most complicated of all 
the modi6cations of the epidenniB. 
They consist of a "quill" (answer- ', 

' ing to the bnlb of a hair), and a ' 

"shaft," supporting the "vane," 
which is made np of " barbs," " bar- 
bules," and interlocking "process- 1 

es." The qaill alone is hollow, and 
has an orifice at each end. Thus 
feather is moulded on a papilla, the 
shaft lying in a groove on one side 
of it, and the vane wrapped aronnd 
it. When the feather emerges from 
the skin, it unfolds itself. Thus 
shaft and vanes together resemble 
the quill split down one side and 
spread out. 

The teeth of Mollusks, Worms, 
and Arthropods are also epidermal 
structures. Those of Vertebratesare 
mixed in their origin, the dentine be- 
ing derived from the dermis and the 
enamel from the epidermis. In all 
cases teeth belongto the exoskeleton. 

(2J The Endoskeleton, as we have '^^q^iy^ilI'rrS' 't,r^ft "^ 
seen, is represented in the Cattle- rane-or be«rd: d,(i«e8»orj 

„ , TIT- I 1 - 1 I plnmB, or flown: a,/, lower 

fish. With this and some other and upper ambDlcns, or an- 

.. .. • 1* . IT flee, leaflliii; to the Interior 

exceptions, it is peculiar to Verte- oruiequiii. 
brates. In the Cnttle-fish, and some Fishes, as the Stur- 
geon and Shark, it consists of cartilage ; but in all others 
(when adnlt) it is bone or oaseoue tissne. Yet there is a 
diversity in the composition of bony skeletons; that of 
fresh-water Fishes contains the least earthy matter, and 
that of Birds the most. Hence the density and ivory- 
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whiteness of the bones of the latter. Unlike the shells of 
MoUosks and the crust of the Lobster, which grow by the 
addition of layers to their borders, bones are moist, living 
parts, penetrated by blood-vessels and nerves, and covered 
with a tough membrane, cMed periosteum, for the attach- ' 
nient of muscles. 

The surface of bones is compact ; but the interior may 
be solid or spongy (as the bones of Fishes, Turtles, Sloths, 
and Whales), or hollow (as the long bones of Birds and 
the active quadrupeds). There are also cavities (called 
" sinuses") between the inner and outer walls of the skull, 
as is remarkably shown by the Elephant. The cavities in 
the long bones of quadrupeds are filled with marrow; 
those in the long bones of Birds and in skulls contain air. 

The number of bones not only diflfers in different ani- 
mals, but varies with the age of an individual. In very 
early life there are no bones at all ; and ossification, or 
the conversion of cartilage into bone, is not completed 
until maturity. This process begins at a multitude of 
points, and theoretically there are as many bones in a 
skeleton as centres of ossification. But the actual number 
is usually much less — ra result of the tendency of these 
centres to coalesce. Thus, the thigh-bone in youth is 
composed of five distinct portions, which gradually unite. 
So in the lower Vertebrates many parts remain distinct 
which in the higher are joined into one. The occiput or 
back-bone of Man's skull is the union of four bones, which 
are seen separate in the skull of the Fish, or of a baby. 

A complete skeleton, made up of all the pieces which 
might enter into its composition, does not exist. Every 
Vertebrate has some deficiency. All, except Amphioxus, 
have a skull and back-bone; but in the development of 
the various parts, and especially of the appendages, there 
is endless variety. Fishes possess a great number of skull- 
bones, but have no fingers and toes. The Snake has plenty 
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of ribs and tail, but no breaet-boue ; the Frog has a breast- 
bone, bat neither tail nor ribs. As the skeleton of a Fish 
is too complicated for the primary stndent, we will select 
for illutntioo the skeleton of a Lion — tbe type of quad- 
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rupeds. It should be remembered, however, that all Ver- 
tebrates are formed on one plan. 

In the lowest Vertebrate, AmphiosuB, the only skeleton 
is a cartilaginons rod rnnning from head to tail. There is 
no sknll, nor ribs, nor limbs. In the cartilaginous Fishes, 
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the backbone is only partially oBsified. Bnt usually it 
consists of a nnmber of separate bones, called vertehrce^ ar- 
ranged along the axis of the body. They range in nnmber 
from 10 in the Frog to 305 in the Boa-constrictor. The 
skull, with its appendages, and the vertebrae, with the ribs 
and sternum, make up the dxial skeleton. The shoulder 
and pelvic girdles and the skeleton of the limbs constitute 
the appendicular skeleton. 

A typical vertebra consists of a number of bony pieces 
so arranged as to form two arches, or hoops, connected by 

B. 
A. 





Fio. 107.— Vertebne— A, cervical ; B, dorsal ; % eentram ; 4, transverse process, con- 
taining foramen, a, for artery ; 6, articolar process ; 8, spinoas process, or neural 
spine ; 1, nenral canal ; 6, facets for head of rib, the tabercle of the rib fitting in 
a facet on the process, 4 ; &, lamin», or nenrapophyses. 

a central bone, or centrumJ^ The upper hoop is called 
the neural arch^ because it encircles the spinal marrow ; 
the lower hoop is called the hoemal arch^ because it en- 
closes the heart and the great central blood-vessels. An 
actual vertebra, however, is subject to so many modifica- 
tions, that it deviates more or less from this ideal type. 
Selecting one from the middle of the back for an exam- 
ple, we see that the centrum sends off from its dorsal side 
two branches, or processes, called nei(,rapophyses. These 
meet to form the neural arch, under which is the neural 
canal, and above which is a process called the neural 
spine. On the anterior and posterior edges of the arch 
are smooth surfaces, or sygapqphyses, which in the natural 
state are covered with cartilage, and come in contact with 
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the corresponding surfaces of the preceding and succeed- 
ing vertebrffi. The bases of the arch are notched in front 
and behind, so that when two vertebrsB are put together a 
round opening i^ntervertebral foramen) appears between 
the pair, giving passage to the nerves issuing from the 
spinal cord. From the sides of the arch, blunt transverse 
processes project outward and backward, called diapophy- 
sea. Such are the main elements in a representative ver- 
tebra. The hsemal arch is not formed by any part of the 
vertebra, but by the ribs and breast-bone. Theoretically, 
however, the ribs are considered as elongated processes 
from the centrum (jpileurapophyses)^ and in a few cases a 
fwsmal spine is developed corresponding to the neural 
spine. 

The vertebrae are united together by ligaments, but 
chiefly by a very tough, dense, and elastic substance be- 
tween the centra. The neural arches form a continuous 
canal which contains and protects the spinal cord ; hence 
the vertebral column is called the neuroskeleton. The 
column is always more or less curved ; but the beautiful 
sigmoid curvature is peculiar to Man. The vertebrae 
gradually increase in size from the head towards the end 
of the trunk, and then diminish to the end of the tail. 
The neural arch and centrum are seldom wanting; the 
first vertebra in the neck has no centrum, and the last in 
the tail is all centrum. The vertebree of the extremities 
(head and tail) depart most widely from the typical form. 

The vertebral column in Fishes and Snakes is divisible 
into three regions — head, trunk, and tail. But in the 
higher animals there are six kinds of vertebrae : cranial^ 
cervical^ dorsal^ lumba/r^ sacral^ and caudal. 

The cram^ial vertebrce form the skull." They are greatly 
modified, as the neural arches are expanded to enclose the 
brain. The number of distinct bones composing the skull 
is greatest in Fishes, and least in Birds : this arises partly 
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BONES OF THE MAMMALIAN SKULL* 



KASAL. 

LAC 
NOSE. 

ETHMOID. 



FRONTAL. PARIETAL. SUPMA OCCIPITAL. 

HRYMAL. SQUAMOSAL. 

ORBITOSPHKNOID. EYE. ALI8PHKN0ID. PERI- EAR. OTIC. KXOCCIPITAL. 

MALAR. TYMPANIC. 

PREaPHBNOID. BABISPHENOID. BA8I0CCIPITAL, 



VOMER, HYOID ARCH. 

PREMAXILLA. MAXILLA. PALATINE. PTERYGOID. 
LOWER JAW, OR MANDIBLE. 



THE SKULL OP THE DOG. 

Fig. 106.~Under surface. Fio. lOQ.—Upper enrface. Fio. 110.— Longitndinal ver-: 
tical section; one-half natural size : iS^O, sapraoccipital ; £a;0, exoccipital ; BO, 
basioccipital ; /P, ioterparietal ; Pa, parietal ; Fr, frontal ; Sq, squamosal ; Jfa, 
malar; L, lachrymal ; Jfa;, maxilla ; Pifa:, premazilla; Aa, nasal ; Jf7, maxillo- 
tnrbinal : ET^ ethmotnrbinal ; MB, ossided portion of the mesethmoid ; CE, cri- 
briform, or sieve-like, plate of the ethmoturbinal ; TO, vomer ; PS, presphenoid ; 
08, orbitosphenoid ; AS, alispheuoid; BS, baslsphenoid ; PI, palatine; Pt, 
pterygoid; Per, periotic; Ty, tympanic bulla ; an, anterior narial aperture; ap, 
or apf, anterior palatine foramen ; ppf, posterior palatine foramen ; to, inA*a- 
orbital foramen ; pqf, postorbital process of frontal bone ; op, optic foramen ; «/, 
sphenoidal fissure ; fr, foramen rotandnm, and anterior opening of alisphenoid 
canal ; om, posterior opening of alisphenoid canal ; /o, foramen ovale ; finn, fora- 
men lacemm medium ; gf, glenoid fossa ; gp, postglenoid process ; pgf, post- 
glenoid foramen ; earn, external auditory meatus ; sm, stylomastoid foramen ; 
Jlp, foramen Incerum posterins ; qf, condylar foramen ; pp, paroccipital process ; 
oe, occipital condyle ; fm, foramen magnum ; a, angular process ; s, symphysis of 
the mandible where it unites with the left ramus ; id, inferior dental canal ; ed, 
condyle ; ep, coronoid process ; the * indicates the part of the cranium to which 
the condyle is articulated when the mandible is in place ; the upper border in 
which the teeth are implanted is called alveolar ; sA, eh, eh, hh, th, byoidean ap- 
paratus, or 08 linguae, supporting the tongue. In the skulls of old animals, 
there are three ridges : oceipUal, behind ; aagittai, median, on the upper surface ; 
and euperorbital, across the frontal, in the region of the eyebrows. The last is 
highly developed in the Gorilla and other Apes. 



* In this diagram, modified from Hnxley*s, the italicized bones are single : the 
rest are double. Those in the line of the Ethmoid form the Cranio -facial Axis: 
these, with the other sphenoids and occipitals, are developed in cartilage ; the rest 
are membrane bones. In the Human skull, the four occipitals coalesce Into one. 
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from the fact that tlie boDes remain separate in the for- 
mer case, while those of the chick become united together 
(anchylosed) in the full-grown Bird; but many boneB are 
present in the Fish which have do representatives in the 
Bird. The skull consists of the brain-case and the face. 
The principal parts of the skull, as sliown in the Bog's, 
are: 1. The occipital bones behind, enclosing a large hole, 
»x foramen inagnum.^ on each side of which are rounded 
prominences, called condyles, by which the sknll articulates 
with the tirst cervical vertebra. 2. The^tine^. 3. The 
frontal. These tliree form the main walls of the brain. 
4. The sphenoid, on the floor of the skull in front of the 
occipital, and consisting of six pieces. 5. The temporal, 
in which is situated the ear. In Man this is one bone; 
but in most animals there are three or more— the periottc, 
tympanic, and squamosal. 6. The malar, or " cheek-bone," 
which sends back a process to meet one from the squamo- 
sal, forming-the sygomatic arch. 1. The nasal, or roof of 



TO. lit. — Sknll or the Horn: 1, prsmaxlltnry bnne: E, upper Inrleon; S, npper 
cBDlnca: 4, enpertor mnillliirT: 5. inrmorbltal foramen: <, enpertor maTilUrj 

malar { IS, npper mulnn; IS, frontal i ID, i7)[olnaI1c arch: 14, pHHetnl ; II, oc- 
cIpit^L protnbe ranee 1 18, occlpilal creeti 1>, occipital condjlas: V>, tlyMA proe- 
aset\ n, petrcms bene: «3. haillar proceia; es, condyle or Inferior mail!lMT: 
24, parlelnl crent; Sit, inferior maxillary! M, lover molars i ST, BDteclor mttzUUcj 
GjiamBu ; es, lower canluea ; ^, lovrer Incisors. 
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the nose. 8. The maasiUa; that part of the upp^r jaw in 
which the canines, premolars, and molars are lodg^. 9. 
The ^^mtfa?iKa, in which the upper incisors are situated. 
10. The palatine^ which, with the maxillary bones, forms 
the roof of the mouth. There are two appendages to the 
skull : the mandible, or lower jaw, whose condyles, or 
rounded extremities, fit into a cavity (the glenoid) in the 
temporal bone ; and the hyoid, situated at the root of the 
tongue. 

The simplest form of the skull is a cartilaginous box, 
as in Sharks, enclosing the brain and supporting the car- 
tilaginous jaws and gill arches. In higher Fishes this box 
is overlaid with bony plates and partly ossified. In Frogs 
the skull is mainly bony, although a good deal of the car- 
tilage remains inside the bones. In higher Vertebrates the 
cartilage never makes an entire box, and early disappears. 
. The cervical vertebrce, or bones of the neck, are peculiar 
in having an orifice on each side of the cerftrum for the 
passage of an artery. The first, called aUaSy because it 
supports the head, has no centrum, and turns on the sec- 
ond, called aoci'Sj around a blunt process, called the odon- 
toid. The centra are usually wider than deep, and the 
neural spines very short, except in the last one. The 
number of cervical vertebrse ranges from 1 in the Frog 
to 25 in the Swan. 

The dorsal vertebrce are such as bear ribs, which, uniting 
with the brpast-bone, or sternum, form a bony arch over 
the heart and lungs, called the thorax. The sternum may 
be wanting, as in Fishes and Snakes, or greatly developed, 
as in Birds. When present, the first vertebra whose ribs 
are connected with it is the first dorsal. The neural spines 
of the dorsal series are generally long, pointing backward. 

The lumbar vertebr(B are the massive vertebrsB lying in 
the loins between the dorsals and the hip-bones. 

The sacral vertebrce lie between the hip-bones, and are 

10 
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generally consolidated into one complex bone, called sa- 
crum. 

The cavdal vertebroB are placed behind the sacrum, and 
form the tail. They diminish in size, losing processes and 
neural arch, till finally nothing is left but the centrum. 
They number from 3 or 4 in Man to 270 in the Shark. 

Besides the lower jaw, hyoid, and ribs. Vertebrates 
have other appendii^es to the spinal column — two pairs 
of limbs.''* The fore limb is divided into the pectoral 
a/roK (or shoulder girdle)^ the arm^ and the hand. The 
arch is fastened to the ribs and vertebrae by powerful 
muscles, and consists of three bones, the scapida, or shoul- 
der-blade, the coracoidj and the clavicle, or collar-bone. 
The scapula and coracoid are generally united in Mam- 
mals, the latter forming a process of the former ; and the 
clavicles are frequently wanting, as in the hoofed animals. 
The hmaerus^ radius, and ulma are the bones of the arm, 
the first articulating by ball-and-socket joint with the 
scapula, and by a hinge-joint with the radius and ulna. 
The humerus and radius are always present, but the ulna 
may be absent. The bones of the hand are divided into 
those of the carpus, or wrist; the Tnetacarpus, or palm; 
and the phalanges, or fingers. The fingers, or " digits," 
range in number from 1 to 5. 

The hind limb is composed of the pehic arch (or hip- 
bones), the leg, and the foot. These parts correspond 
closely with the skeleton of the fore limb. Like the 
shoulder, the pelvic arch, or os innominatum, consists of 
three bones — ilium, ischium, and pubis. The three are 
distinct in Amphibians, Keptiles, and in the young of 
higher animals; but in adult Birds and Mammals^ they 
become united together, and are also (except in Whales) 
solidly attached to the sacrum. The two pelvic arches 
and the sacrum thus soldered into one make the pelvis. 
The leg-bones consist of the femur, or thigh ; the tibia, or 
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shin-bone ; and the fibula^ or splint-bone. The rounded 
head of the femur fits into a cavity {acetabulum) in the 
pelvic arch, while the lower end articulates with the tibia, 
und sometimes (as in Birds) with the fibula also. An ex- 
tra bone, the pateUa, or knee-pan, is hung in a tendon in 
front of the joint between the femur and tibia of the higl^- 
er animals. The foot is made up of the tarsus^ or ankle ; 
the metatarsus^ or lower instep ; and the phalanges^ or 
toes. The toes number from 1 in the Horse to 5 in Man. 
Certain parts of the skeleton, as of the skull, are firmly 
joined together by zigzag edges or by overlapping; in 
either case the joint is called a sut/ure. But the great 
majority of the bones are intended to move one upon an- 
other. The vertebrae are locked together by their proc- 
esses, and also by a tough fibrous substance between the 
centra, so that a slight motion only is allowed. The limbs 
furnish the best examples of movable articulations, as the 
ball-and-socket joint at the shoulder, and the hinge-joint 
at the elbow. The bones are held together by ligaments, 
and, to prevent friction, the extremities are covered with 
cartilage, which is constantly lubricated with an unctuous 
fluid called synovia. 



CHEMICAL COMPOSITION OF BONES. 
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Ra. 1 IB,— Skeleton of thsTortolM (pljatron reraored) ! a, cerrlol *erle1)r» i e, dor- 
■alTertebnei d, libg; «, marglOHl bnoes otlbe cimpace: I, MapalB; ik,pncora- 
cold ; b, eoncold ; /, pelvis ; i, temui ; g, UUb ; A, tibols. 



Pia.]l(L-8keletonoraTi]lRin: 1, eranlnm— the parU of which ire Mparibls onlj 
In the chick ; i, cerrlcsl verlebrc ; 8, donal : 4, coccigeal, or candBl ; the Inmbar 
and aacrsl are coDsoUdited; e,rlbs; S, oleniDm, or bi-eiit-txiQe, eitnardlDarllT 
developed; T, fnreolom, clavicle, or "wish-bom;" S,eoracold; », acapnia; 10. 
hmnerna: 11, DliiB,wl[h mdlmeDUrr ladlns; IS, metacarpale ; IS, phnlangea of 
the Rreat digit or the wine; IS, thumb; 14,peMa: 16,femiir; 18, tibla-lanna and 
flbnla, or cma; II, Uno-meUtanas ; 18, Internal digit, or Icie, Ibrmed of three 
phalsngea ; tbe middle toe hu four phalaDge* ; the outer, Ave i and tho hack toe, 
or thnmb, two. 
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a, abaft of hnmems; b, deltoid ridge; g. head fitting In the glenoid cavltyof the 
■capnla — near It la a j^rcat taberoaltj for the attachment of a powerfhl mnacle ; 
t, condyle! : M, ladios. to which le drml; aocbjloied a mdlmeotary ulna, H, the 

"cannon-bone," with two" aplInt-baneB!" fiSifetlock-JoInt; W, phalanges of tba 
developed digit, correBpondlng to the third flBg«r iD Hani ti, pelrla: «B, the 
great Irochantn-, or promloeoce on tbe fMnar, K: M, tibia; 01, rndimantary 
abalai 68, bodt, or heel, falsely called knee ..-..- 
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CHAPTER XVII. 

HOW ANIMALS MOVE. 

1. The power of animal motion is vested in protoplasm, 
cilia, and muscles. The power of contractility is one of 
the ultimate physiological properties of protoplasm, like 
sensibility and the power of assimilation. Protoplasma- 
animals, like the Amoeba and Rhizopoda, move by the 
contractility of their protoplasm, as also may the germs 
of higher animals upon the yolk of the egg. The proto- 
plasm may be extended into projections csiled pseitdqpodiaj 
by whose contraction the animal may move (Fig. 186). 

Infusoria, and nearly all higher animals, possess cUia 
(Fig. 188). These are microscopic hairs (Fig. 2, i) which 
have the power of bending into a sickle-shape and straight- 
ening out. As they bend much faster than they straight- 
en, and as they all work together, they can cause motion 
of the animal, or may serve to produce currents in the 
water, the animal remaining at rest. They are seen on 
the outside of Infusoria, and of very many embryos of 
liigher animals, serving as paddles for locomotion ; they 
fringe the gills of the Oyster, creating currents for respi- 
ration; and they line the passage to our lungs to expel 
the mucus. Flagdla (Fig. 189) are a sort of long cilia, 
which are thrown into several curves when active, resem- 
bling a whip-lash, whence their name. Both cilia and fla- 
gella seem to be wanting in Arthropods. 

The cause of ciliary motion is unknown. Their one- 
sided contraction is their property, as the straight con- 
traction of the muscle-fibre belongs to it. No structure 
can, however, be seen in them with the microscope. No 
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nerves go to them, yet they work in concert, waves of 
motion passing over a surface covered with cilia, as over 
a field of grain moved by the wind. 

But muscular tissue is the great motor agent, and exists 
in all animals from the Coral to Man/* The power of 
contractility, which in the Amoeba is diffused throughout 
the body, is here confined to bundles of highly elastic 
fibres, called muacles. When a muscle contracts, it tends 



liiH ifl?^' ^-^ 




Fjo. 121. — A Coutractiug Muscle. 

to bring its two ends together, thus shortening itself, at 
the same time increasing in thickness. This shrinking 
property is excited by external stimulants, such as elec- 
tricity, acids, alkalies, sudden heat or cold, and even a 
sharp blow; but the ordinary cause of contraction is an 
influence from the brain conveyed by a nerve. The prop- 
erty, however, is independent of the nervous 
system, for the muscle may be directly stim- 
ulated. The amount of force with which a 
muscle contracts depends on the number of « 
its fibres ; and the amount of shortening, on 
their length. 

As a rule, muscles are white in cold-blooded 
animals, and red in the warm-blooded. They 
are white in all the Invertebrates, Fishes, 
Batrachians, and Reptiles, except Salmon, 
Sturgeon, and Shark ; and red in Birds and 
Mammals, except in the breast of the com- 
mon fowl, and the like.'" 

It is also a rule, with some exceptions, that 
the voluntary muscles of Vertebrates, and all the muscles 
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of the Lobster, Spider, and Insect tribes, are striated ; while 
the involuntary muscles of Vertebrates, and all the muscles 
of Badiates, Worms, and MoUusks, are smooth. All mus- 
cles attached to internal bones, or to a jointed external 
skeleton, are striated. The voluntary muscles of Verte- 
brates are generally solid, and the involuntary hollow.'^ 

This leads to another classification of muscles: into 
those which are attached to solid parts within the body; 
those which are attached to the skin or its modifications ; 
and those having no attachments, being complete in them- 
selves. The last are hollow or circular muscles, enclosing 
a cavity or space, which they reduce by contraction. Ex- 
amples of such are seen in the heart, blood-vessels, stom- 
ach, iris of the eye, and around the mouth. In the lower 
Invertebrates, the muscular system is a net- work of longi- 
tudinal, transverse, and oblique fibres intimately blended 
with the skin, and not divisible into separate muscles. As 
in the walls of the human stomach, the fibres are usually 
in three distinct layers. This arrangement is exhibited by 
Boft-bodied animals, like the Sea-ianemone, the Snail, and 
the Earth-worm. Four thousand muscles have been counts 
ed in a Caterpillar. There are also "skin-muscles" in 
the higher animals, as those by which the Horse produces 
a twitching of the skin to shake off insects, and those by 
which the hairs of the head and the feathers of Birds are 
made to stand on end. Invertebrates whose skin is hard- 
ened into a shell or crust have muscles attached to the 
inside of such a skeleton. Thus, the Oyster has a mass 
of parallel fibres connecting its two valves ; while in the 
Lobster and Bee fibres go from ring to ring, both longi- 
tudinally and spirally. The muscles of all Invertebrates 
are straight parallel fibres, not in bundles, but distinct, 
and usually flat, thin, and soft. 

The great majority of the muscles of Vertebrates are 
attached to the bones, and such are voluntary. The fibres, 
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which are coarsest in Fishes (most of all in the Bays), and 
finest in Birds, are bound into bundles by connective tis- 
sue ; and the muscles thus made up are arranged in layers 
around the skeleton. Sometimes their extremities are at- 
tached to the bones (or rather to the periosteum) directly ; 
but generally by means of white inelastic cords, called 
tendons. In Fishes, the chief masses of muscle are dis- 
posed along the sides of the body, apparently in longitu- 
dinal bands, reaching from head to tail, but really in a 
series of vertical flakes, one for each vertebra. In propor- 
tion as limbs are developed, we find the muscles concen- 
trated about the shoulders and hips, as in quadrupeds. 
The bones of the limbs are used as levers in locomotion, 
the fulcrum being the end of a bone with which the mov- 
ing one is articulated. Thus, in raising the arm, the hu- 
merus is a lever working upon the scapula as a fulcrum. 
The most important muscles are called extensors and^^K^o^ 
ors. The latter are such as bring a bone into an angle 
with its fulcrum — ^as in bending the arm — while the for- 
mer straighten the limb. Abductors draw a limb away 
from the middle line of the body, or a finger or toe away 
from the axis of the limb, while dddiictors bring them back. 

2. Locomotion. — All animals have the power of vol- 
untary motion, and all, at one time or another, have the 
means of moving themselves from place to place. Some 
are free in the embryo-life, and fixed when adult, as the 
Sponge, Coral, Crinoid, and Oyster. There may be no 
regular well-defined means of progression, as in the Amoe- 
ba, which extemporizes arms to creep over the surface ; 
or movement may be accomplished by the contraction of 
the whole body, as in the Jelly-fish, which, pulsating about 
fifteen times in a minute, propels itself through the water. 
So the Worms and Snakes swim by the undulations of the 
body. 

Butjas a rule, animals are provided with special organs 
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for locomotion. These become rednced in number, and 
progressively perfected, as we advance in the scale of 
rank. Thus, the Infasorian is covered with thousands of 
bair-like cilia ; the Star-fish has hnndrede of soft, nnjoint- 
ed, tubniar sackers; the Centipede has from 30 to 40 
jointed hollow legs ; the Lobster, 10 ; the Spider, 8 ; and 
the Insect, 6 ; the Qtiadrnped has 4 solid limbs for loco- 
motion ; and Man, only 2. 

( 1 > Locomotion In Water. — As only the lower forms of 
life are aqnatic, and as the weight of the body is partly 
sastained by the element, we must expect to find the or- 
gans of progression simple and feeble. The Infusoria 
swim with great rapidity by the incessant vibrations of 
the delicate filaments, or cilia, on their bodies. The co/n- 
moR Squid on our coast admits water into the interior of 
the body, and then suddenly forces it out through a fun- 
nel, and thus moves backward, or forward, or around, ac- 
cording as the funnel is turned— towards the head, or tail, 
or to one side. The Lobster has a fin at the end of its 
tail, and propels itself backward by a quick down-stroke 
of the abdomen. 

But Fishes, whose bodies offer the least resistance to 
progression through water, are the most perfect swimmers. 
Thus, the Salmon can go tweuty miles an hour, and even 



Fib. IM.— The Pim of s Ytiib (Wfe-pmA). 

ascend cataracts. They have fins of two kinds: those set 
obliquely to the body, and in pairs; and those which are 
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vertical, and single. The former, called pectoral and ven- 
tral fins, represent the fore and hind limbs of Quadrupeds. 
The vertical fins, which are only expansions of the skin, 
vary in number; but in most Fishes there are at least 
three : the caudal^ or tail-fin ; the dorsal^ or back-fin ; and 
the analy situated on the abdomen, 
near the tail. The chief locomotive 
agent is the tail, which sculls like a 
stern-oar ; the other fins are mainly 
used to balance and raise the body. 
When the two lobes of the tail are 
equal, and the vertebral column stops 
near its base, as in the Trout, it is said 
to be hamocercal. If the vertebrsB 
extend into the upper lobe, making 
it longer than the lower one, as in 
the Shark, the tail is called hetero- 
cereal. The latter is the more effec- ^t.^^''l:^^TTl 
tive for varving the course ; the fj«*»- "^^^ tan deacribea 

J ^ ' the arc of an ellipBe ; the 

Shark, e. </., will accompany and resultant of the two im- 

, \ , , . . i. ,1 .1 P"^««» *« the straight line 

gambol around a ship in full sail in front 
across the Atlantic. The Whale swims by striking the 
water up and down, instead of laterally, with a fin-like 
horizontal tail. Many air-breathing animals swim with 
facility on the surface, as the Water-birds, having webbed 
toes, and most of the Eeptiles and Quadrupeds. 

(2) Locomotion in Air. — The power of flight requires a 
special modification of structure and an extraordinary 
muscular effort, for air is 800 times lighter than water. 
Nevertheless, the velocity attainable by certain Birds is 
greater than that of any Fish or Quadruped ; the Hawk 
being able to go at the rate of 150 miles an hour. The 
bodies of Insects and Birds are made as light as possible 
by the distribution of air-sacs or air-cavities.** 

The wings of Insects are generally four in number; 
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Bometimes only two, as in the Fly. They are moved by 
muscles lying inside the thorax. They are simple expan- 
sions of the skin, or crnat, being composed of two delicate 
films of the epidermis stretched upon a net-work of tnbes. 
There are three main varieties : thin and transparent, as 
in the Di-agon-fly; opaque, and covered with minute col- 
ored scales, which are in reality flattened haira, as in tiie 
Butterfly; and hard and opaqne, as the first pair (called 
dytra) of the Beetle. 

The wings of Birds, on the other hand, are modified 
fore-limbs, consisting of three sets of feathers (called jmr 
ma/ry, secondary, and tertiary), inserted on the hand, fore- 
arm, and arm. The muscles which give the downward 
stroke of the wing ara fastened to the breast-bone; and 
their power, in proportion to the weight of the Bird, is 
very great. Yet the Insect is even superior in vigor and 
velocity of flight," In ascending, the Bird slightly rotates 
the wing, striking downward and a little backward ; while 
the tail acts as a rudder. A short, ronnded, concave wing, 
as in the common Fowl, is not eo well fitted for high and 
prolonged flight as the long, broad, pointed, and flat wing 



Fia. 1!B,— FlBmlngou taking Wing. 

of the Eagle. The wing is folded by means of an elastic 
skin and muscle connecting the shoulder and wrist. Be- 
sides Insects and Birds, a few other animals have the powet 
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of flight, as Bats, bj meaiis of long-webbed flngers ; Fly- 
iDg Fishes, by large pectoral fins. Flying Keptiles, Flying 
Squirrels, and the like, have a membrane stretched on the 
long ribs, or connecting the fore and hind limbs, which they 
use as a parachute, enabling them to take very long leaps. 

(3) Looomotion on Solids. — This reqnires less mnscolar 
effort than swimming or flying. The more unyielding - 
the basis of support, the greater the amount of force left 
to move the anijnal along. The simplest method is the 
suctorial, the animal attaching itself to some fixed object, 
and then, by contraction, dragging the body onward. But 
the higher and more common method is by the use of 
bones, or other hard parte, as levers. 

The Star-fish creeps by the working of hundreds of 
tubular suckers, which are extended by being filled with 



fluid forced into them by little sacs. The Clam moves 
by fixing and contracting a muscular appendage, called 
a "foot." The Snail has innumerable short muscles on 
the under side of its body, which, by successive contrac- 
tions, resembling minute undulations, enable the animal 
to glide forward apparently without effort. The Leech 
has a sucker at each end : fixing itself by the one on its 
tail, and then stretching the body, by contracting the mus- 
cular fibres which run around it, the creature fastens its 
mouth by suction, and draws forward the hinder parts by 
11 
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the contraction of longitudinal museleg. The Earth-worm 
longtliens and sliorteoB itself in tlie same way as tlie Leeeh, 
bat instead of snckere for holding its position^ it has nii- 
tnerous minute spines pointing backward ; while the Catr 
^rpillar lias short legs for the same purpose. The legless 
Serpent moves by means of the scutes, or large scales, od 
the nnder side of the bpdj, acted upon by the ribs. In 
a straight line, locomotion is slow; but by curving tlie 
body, laterally or vertically, it can glide or leap with great 
rapidity. 

Host animals have movable jointed limbs, acted upon 
$8 levers by numerous muscles. The Centipede has forty- 
two legs, each with 
five joints and a claw. 
The Crab has five 
pairs of six -jointed 
legs ; but the front 
pair is modified into 
pincers for pi-ehen- 
sion. With the rest, 
which end in a sharp 
claw, the Crab moves 
backward, forward, 
or sideways. The 
Spider has eight legs, 
usually seven -joint- 
ed, and terminating 

Pia. m.-Feel of iLMOla: A, Bibio /.ftr.li,,- B. hi tWO claWS tOOthcd 
HimfeHy (Jfiuco rfontattcoj; C, Walm. beetle 

{i^Kiu). like a comb, and a 

third which acts like a tlinmb. In running, it moves the 
first right leg, tlien the fourth left; next, the first left, , 
and tlien the fourth right; then the third right and sec- 
ond left together; and lastly, tlie third left and second 
right together. The front and hind pairs are, therefore, 
moved like those of a quadruped. The Insect has six 
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legs, each of five parts: the coxa; trochomter ; femur ; 
tibia^ or shank ; and tarsus. The last is subdivided usn- 
a]]j into five joints and a pair of claws. Such as can 
walk upside down, as the Fly, have, in addition, two or 
three pads between the claws/^ These pads bear hairs 
which secrete a sticky fluid, by means of which, the Fly 
adheres to the surface. While the leg-bones of Verte- 
brates are covered by the muscles which move them, the 
limbs of Insects are hollow, and the muscles inside. The 
fore legs are directed forward, and the two hinder pairs 
backward. In motion, the fore and hind feet on one side, 
and the middle one on the other, are moved simultane- 
ously, and then the remaining three. 

The four-legged animals have essentially the same appa- 
ratus and method of motion. The Crocodile has an awk- 
ward gait, owing to the fact that the limbs are short, and 
placed far apart, so that the muscles act at a mechanical dis- 
advantage. The Tortoise is proverbially slow, for a similar 
reason. Both swim better than they walk. Lizards arelight 
and agile,but progression is aided by a wriggling of the body. 

The locomotive organs of the mammalian quadrupeds 
are much more highly organized. The bones are more 
compact ; the vertebral column is arched, and yet elastic, 
between the shoulder and hip, and the limbs are placed 
vertically underneath the body. The bones of the fore 
limb are nearly in a line; but those of the hind limb, 
which is mainly used to project the body forward, are 
more or less inclined to one another, the angle being most 
marked in animals of great speed, as the Horse. Some 
walk on hoofs, as the Ox (Ungulate) ; some on the toes, 
as the Cat (Digitigrade) ; others on the sole, touching the 
ground with the heel, as the Bear (Plantigrade). In the 
Pinuigrade Seal, half of the fore limb is buried under the 
skin, and the hind limbs are turned backward to form a 
fin with the tail. The normal number of toes is five; but 
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some may be wanting, so that we have one-toed animals 
(as Horee), two-toed (aa Ox), three-toed (as Rhinoceros), 
fonr-toed (aa Hippopotamns), and five-toed (as the Ele- 
phant). The Horee steps on what corresponds to the nail 
of the middle finger; and its swiftness is conditioned on 
the solidity of the extremities of the limbs. Horses of 
the greatest speed have the shoulder-joints directed at a 
considerable angle with the arm. 




Ra.139. — Fvet Dl 
erna: D.Ox: . 
caboldea; «,<r 



i: J, Elepbmit; B. BtppopntamnB ; C. Rhlnoc- 
SslQg; d, calcineam, nr h««l; a, uavlcnUrei t^ 
m«s: theaanibstBliidlcilcUiedlglUinDH. 
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The order id which the legs of Qaadrnpede succeed 
each other deteriniDes the varionB tnodee of progreseion, 
called the walk, trot, gallop, and leap. Many, as the 
Horse, have all these movements ; while some only leap, 
ae the Frog and Kangaroo. In leaping animals, the hind 
limbs are extraordinarily developed. Id many Mammals, 
like the Squirrel, Cat, and Dog, the fore legs are nsed for 
prebeusion as well as locomotion. Monkeys nse all four, 
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«orto™. or '■t.itlot'a innscle," the 


IXilolmilia luljraru): a. fleiar, ud 


laiiS«it miuclt la the bodj, leiei the 


6,Bil«D8or,orilblai i, lleior gf foot ; 


lag apou the [htgbi ncttu /mnrii 


d. acccMorr maKle; i, eiteneor of 


and Kutua alemut and itrfernm ei- 


ilawj /, Bitineor of Ursvu. The 


tand the 1%, iDilntatDlng an erect 




pMtnre; gatlrocnemliit, or "cilf," 


lu one plane ; and tharafore Ihe mai- 


■ued ehleOj la walkiae, for rnlatnK 




the heel. Aoolher Ujer nudirUn 
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and aUo the tail, for locomotiou and prelietigion, keeping 
a horizontal attitude; while the Apes, half erect, as if 
they were half-quadruped, half-biped, go 8bainbling along, 
touching the groand with the knnckles of one hand and 
then of the other. In descending the scale, from the 
most anthropoid Ape to the true Quadmped, we find the 
centre of gravity placed increasingly higher up — that is, 
farther forward. Birds and Men are the only true bipeds ; 
the former standing on their toes, the latter on the soles 
of the feet. Terrestrial Birds walk and run ; while Birds 
of flight usually bop. The Ostrich can for a time outrun 
the Arabian Horse ; and the speed of the Cassowary ex- 
ceeds that of the swiftest Greyhound. 



CHAPTER XVIII. 

THE NEET0U8 STSTEM. 



Nervous Matter exists in the form of cells, fibres, or 
In the cellular state it is grayish, and accumulated 
in masses, called 



1^ 



which alone origi- 
nate nervous force ; 
the fibrous and tu- 
bular kindsare gen- 
erally white, and 
y— 3\ ^jj^ arranged in bnn- 

JjBJj ^^%, ^^^^> called nerves, 

"" ^ which serve only as 

 conductors. Moat 
nerves contain two 

Fi*. ISS. — Nerre-cella tram Hnmun Brain: A, uioci- kinds of hbres, like 
tUA with uarre-Uibci ind blood.Tvuvli ; B, nnltl- . 

poUr nadeaud cdib m Structure, but 
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each having itB distinct office: one carries impressioDe re- 
ceived from the external world to the gray centres, and 
hence is called an afferenty-OT sen- 
aorjf, nerve ; the other condocts 
an influence generated in the  
centre to the muacleB, in obedi- 
ence to which the; contract, and 
hence it is called an e^erent, or 
motor, nerve. Thna, when the 
finger is pricked with a pin, af- 
ferent nerve -fibres convey the p,a. iM—UerroM sr.wm ot sur- 
impression to the centre — the ?^: ?'"^r^'';=^f,7n™^S 
spinal cord, which immediately sschu™, ending lu the eye. 
transmits an order by eflierent fibres to the muscles of the 
hand to contract. If the former are cut, sensation is lost, 
bnt vohintary motion remains; if the latter are cut, the 
animal loses all control over the muscles, although sensi- 
bility is perfect; if both are cut, the animal is said to be 
paralyzed. The nerve-fibres are 
connected with nerve-cells in the 
central organs, and at the onter 
ends are connected with the mus- 
cular fibres, or with variotis sen- 
sory end -organs in the skin or 
other parts of the body. The 
natnre of nerve - force is not 
known. As to the velocity of a 
nervous iinpnlse, we know it is 
i far less than that of electricity or 
light, and that it is more rapid in 
Fib. iM.-NerTons Sysiem of n warm-blooded than In cold-blood- 
Moiinek (the GB-ieropod Apiy^ g^ animals, beine; faster in Man 
phBiie; [.iBterni; ff.abdominai. than m the Frog. In the latter 
it averages about 85 feet per second, in tlie former over 
100 feet. 
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The very lowest animals, like the Amceba and Infiuo- 
ria, have do nerves, although their protoplasm has a gen- 
eral seusibility. The Hydra has certain 
cells which are, perhaps, partly nervons 
and partly muscular in function. The 
Jelly-fish has a nervous system, consist- 
ing of a net-work of threads and ganglia 
scattered all over its disk. We should 
look for a definite system of ganglia and 
nerves only in those animals which pos- 
sess a definite mascnlar structure, and 
show definitely co-ordinat- 
ed muscular movements. 
In the Star-fish we detect 
the first clear specimen of 
such a system. It consists 
Fia. isn-Nerroni sy.- ^f j, j-ing around the month, 
braigRDgiiDn:p,ped- made of five ganglia of 
toipianchnicgBngiisi oqual Bize, With ntdiatiug 
wre^'p^'coinm^n™ ucrvcs. The Mollusks are 
ftoni«rBb«itop6d.i distinguished bvan irregu- 
■are from cerebri] lo larly Scattered ucrvous sys- 
guigiii; at, oupiiv tern. The Clam has three 
'■^ main pairs of connected 

ganglia — one near the mouth, one in the 
foot, and the third in the posterior region, 
near the siphons. In the Snail, these are 
united into a ring around the gullet, and 
tliere are other ganglia scattered through 
the body. The same is true of the Cuttle- Pis. ist. — Kerrou 
fish, where the brain is partly enclosed in a pfij""^^^''^ 
cartilaginous box (Fig. 151). ^^L^C^ 

In the simpler worms there is but a sin- ''*^' ssngiion. 
gle ganglion or a single pair. The Earth-woim has a pair 
of brain-ganglia lying above the gullet, and connected by 
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two cords with a ventral chain of ganglia — one pair, ap- 
parently a single one, for each segment. In the lower 
Arthropods, such as Crnstacea, Centipedes, and Larval In- 
sects, the arrangement is substan- <> 
tially the same. In higher Insects , 
and Crnstacea, many of the gan- i ' 
glia are fused together in the head { 
and thorax, indicating a concen- Ji / 
tration of organs for sensation and 
locomotion. 

In Vertebrates, the nervous ' 

system is more highly developed, t 

more complex, and more concen- 
trated than in the lower forms. 
In fact, there are some parts, as the 
brain, to which we find nothing 
homologous in the Invertebrates ; 
and while the actions of the lat- 
ter are mainly, if not wholly, au- 
tomatic, those of backboned ani- 
mals are volnntary. Its position, 
moreover, is pecnliar, the great 
mass of the nervous matter being 
accnmnlated on the dorsal side, 
and enclosed by the nearal arches 
of the skeleton. cord, o 

fne brain and spinal cord he ^^„r loE,. j, middle lobs: d, 
in the cavity of the skull and ■n«<i'iii« obiong.«; *, ce™bei. 

•■ lam; f,wtt apiufll Dcrve; g. 

Spinal column, wrapped in three brachlalplenMofnerresBnpply. 

L 4, ^u .. e iDB the »rm»;*,dottBl nerve. :i, 

membranes. ilOth consist of gray lambHr uenee: l^elu:»l pimu 

and white nervous matter; but in ^nUi7rihe'Bgorerina'ic«tethe 
the brain the gray is on the out- 
side, and the white within ; while 
the white of the spinal cord is external, and the gray in- 
ternal. Both are double, a deep fissure running from the 
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forehead backward, dividing the brain into two hemi- 
spheres, and the spinal cord resembling two columns 
welded together; even the nerves come forth in pairs to 
the right and left. The brain is the organ of sensation 
and voluntary motion ; the spinal cord is the organ of in- 
voluntary life and motion. The brain, above the medulla 
oblongata, may be removed, and yet the animal, though it 
cannot feel, will live for a time, showing that it is not ab- 
solutely essential to life; in fact, the brain does nothing 
in apoplexy and deep sleep. All of the cord, except that 
part containing the centres for respiration and circulation, 
may also be destroyed, without causing immediate death. 

The Brain is that part of the nervous system contained 
in the skull." It increases in size and complexity as we 
pass from the Fishes, by the Amphibians, Eeptiles, and 
Birds, to Mammals. Thus, the body of the Cod is 5000 
times heavier than its brain — in fact, the brain weighs less 
than the spinal cord ; while in Man, the brain, compared 
with the body, is as 1 to 36, and is 40 times heavier than 
the spinal cord. The brains of the Cat weigh only 1 oz. ; 
of the Dog, 6 oz. 5^ dr. ; and of the Horse, 22 oz. 15 dr. 
The only animals whose brains outweigh Man's are the 
Elephant and Whale — the maximum weight of the Ele- 
phant's being 10 lbs., and of the Whale's 5 lbs. ; while 
the human does not exceed 4 lbs. Yet the human brain 
is heavier in proportion to the body. But quality must 
be considered as well as quantity, else the Donkey will 
outrank the Horse, and the Canary-bird, Man; for their 
brains are relatively heavier. 

The main parts of the brain are the cerebrum^ cerebel- 
lum^ and medulla oblongata. 

The cerebrum is a mass of white fibrous matter covered 
by a layer of gray cellular matter. In the lower Verte- 
brates, the exterior is smooth; but in most of the Mam- 
mals it is convoluted, or fo}ded, to increase the amount of 
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the gray surface. The convoliitions tnnltiply and deepen 
as we ascend the scale of size and intelligence, being very 
complex in the Elephant and Whale, Monkey and Man. 
As a mle, they are proportioned to the intelligence of the 
animal; yet the brains 
of the Dog and Horse 
are smootherthan those 
of tlie Sheep and Don- 
key. Evidently the 
quality of the gray mat- 
ter mufit bo taken into 
acconnt. Save in the 
bony Fishes, the cere- 
brum is the largest por- 
tion of the brain ; in 
Man it is over eight 
times heavier than the 
cerebellum . 

The cerebellnm, or 
"little brain," lies be- 
hind the cerebruni, and, 
like it, presents an ex- 
ternal gray layer, with 
a white interior. In 
Mammals, it is likewise 
finely convoluted, con- a 

sisting 01 gray ana hairuBtunieiie: B.m«aiiiisobioDKBtai mw- 

white laminae, and is e^*' ™d mWdla lolwBof cerehellumi <i,lnW^ 
lobnUr tlBsnre ; d, cerebral hemlapheies ;«, ol- 

divided into two lobes, factory ioImb. 

or hemispheres. In the rest of the Vertebrates, the cere- 
bellnm is nearly or quite smooth ; and in the lowest Fish- 
es it is merely a thin plate of nervous matter. In many 
Vertebrates, however, it is larger, compared with the cere- 
brum, than in Man, since in Han the cerebrum is extraor- 
dinarily developed. 
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The medulla oblongata is the connecting link between 
the cerebrum and cerebellum and the spinal cord. In 
structure, it resembles the spinal cord — the white matter 
being external and the gray internal. The former lies 
beneath or behind the brain, passing through \!(\^ foramen 
magnum of the skull, and merging imperceptibly into the 
cord. The latter is a continuous tract of gray matter en- 
closed within strands of white fibres. It usually ends in 
the lumbar region of the vertebral column, but in Fishes 
it reaches to the end of the tail. In Fishes, Amphibians, 
and Reptiles, the cord outweighs the brain : in Birds and 
Mammals, the brain is heavier than the cord. In Man, 
it weighs about an ounce and a half. 

Besides these parts, there are also the olfactory and the 
optic lobes, which give rise respectively to the nerves of 
smell and sight. 

The parts of the brain are always in pairs ; but in rela- 
tive development and po- 
sition they differ widely in 
the several classes of Ver- 
tebrates. In Fishes and 
Reptiles, they are arranged 
in a horizontal line; in 
Birds and Mammals, the 
axis of the spinal cord 
bends to nearly a right an- 
Fio. i39.-Braiii of o^Q in passiug throuffh the 

the Perch, upper ^ , ^ ° ® 

view: a, cerebei- brain, SO that the lobcs no 

lum; b, optic , ,. . . • v. t 

lobes; e, cere- lougcr Jic m a Straight hnc. 

^"bes.Tmt I" Man, the fore-brain is Fig. 140. -Brain of the 
dulla oblongata, g^ developed that it COV. f»o?,"n:J::s;lo'; 

ers all the other lobes. In looking down ^^^^^^^^^^ 
upon the brain of a Perch, we see in pineal giand; f^o and 

^ ^ ' Srh^ third and fourth 

front a pair of olfactory lobes (which ventricles; Lop, optic 

J r ^1 xi- £ n\ i_ 1 • J lobes; C, cerebellum; 

send forth the nerves of smell), behind 3fo,medniia oblongata. 
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them the small cerebral hemiapheres, then the large optic 
lobes (in which originate the nerves of sight), and, last of 
all, the cerebellum. Not till we reach Man and the Apes 
do we find the cerebrum bo highly developed as to overlap 
both the olfactory lobes in front and the cerebellum behind. 

Functions of the Brain. — The cerebrani is the seat of in- 
telligence and will. It has no direct communication with 
the outside world, receiving its consciousness of external 
objects and events through the spinal cord and the nerves 
of special sense." 

The cerebellum seems to preside over the co-ordination 
of the mnscniar movements. When removed, the animal 
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desires to execute the mandates of the will, but cannot ; 
its motions are irregular, and it acts as if intoxicated. It 
is usually largest in animals capable of the most compli- 
cated movements; being larger in the Ape than in the 
Lion, in the Lion than in the Ox, in Birds than in Kep- 
tiles. The cerebellum of the Frog is, however, smaller 
than that of Fishes (Figs. 139, 140). The olfactory and op. 
tic lobes receive the messages from their respective nerves. 
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Tlie medulla oblongata is uot only the medium of com- 
munication between tie brain and the Bpinal cord, but it 



Fia. 14«.— BralD i>r tbe CnC (FWf* d<t- Fie. 148. -BralD of tbe Onmg.nUn, 

matica) : a, m«dnlla ablougaU : b, upper saiToce ; oue tbitd uMuial 

cer<:l>ellum; c, cerebnim. ilie. 

is itself a nervous centre : the brain above and the cord  
below may be removed withont death to the animal, bnt 
the destruction of the medulla is fatal. Of the twelve 
pail's of nerves issuing from the contents of the skull {en- 
cephedon), ten come from the 
medulla oblongata. Among 
these are the nerves of hearing 



frouul couvuluMausorcerebmni. Ii>bea ; i, poewrlor; S, great medlau 

and taste, and those that control the lungs and heart. Res- 
piration ceases immediately when the medulla is injured. 
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' The Gpinal cord is a centre for originating iuvolnntarj 
actions, and JB also a conductor — propagating tlirougli its 
central gray matter the impressions received by the Derves 
to the brain, and taking back through its fibrous part the 
impulses of the brain. 
In Man, thirty-one paire 
of nerves arise from the 
coi'd to supply the whole 
body, except the head. 
Each nerve has an ante- 
rior and a posterior root. 
The fibres of the former 
go to the muscles, and 
lience carry theinipulses 
which cause muscular 
contraction (hence call- 
ed moi^ir JUires) ; those 
of the posterior root con- 
vey sensations from the fl 
exterior to the centi-al 
organs (sengory). The 
fibres leading from the 
brain to the cord cross 
one another in the me- Ne'rvsi 
dnlla oblongata, so that » ^°™ 
if the right cerebral tfanei 
hemisphere be diseased, " ^'"' 

the left side of the body loses the power of voluntary 
motion. 

The sympathetio nerooua system is a double chain of 
ganglia, lying along the sides of the vertebral column in 
the ventral cavity. From these ganglia nerves are given 
off, which, instead of going to the skin and muscles, like the 
spinal nerves, form net-works about those internal organs 
over which the will has no control, as the heart, stomach,. 



le Sympathetic and Sptpal 
iplui] cord; a,aDterlurnr 
p, poBterlor root, with It* 
ir brauch ; p', postetiur 
.Ic; e, lia double J nnctloii 
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and intestines. Their apparent office is to stimalate these 
organs to constant activity, bat is little understood. 

1. The Senses. 

Sensation is the consciousness of impressions on the 
sensory nerves. These impressions produce some change 
in the brain ; but what that change is, is a darkness on 
which no hypothesis throws light. Obviously, we feel 
only the condition of our nervous system, not the objects 
which excite that condition." 

All animals possess a general sensibility diffused over 
the greater part of the body." This sensibility, like as- 
similation and contractility, is one of the primary physio- 
logical properties of protoplasm. But, besides this (save 
in the very lowest forms), they are endowed with special 
nerves for receiving the impressions of light, sound, etc. 
These nerves of sense, as they are called, although struct- 
urally alike, transmit different sensations : thus, the Ear can- 
not recognize light, and the Eye cannot distinguish sounds. 
In the Vertebrates, the organs of sight, hearing, and smell 
are situated in pairs on each side of the head; that of 
taste, in the mucous membrane covering the tongue; 
while the sense of touch is diffused over the skin. Sight 
and hearing are stimulated, each by one agent only; 
while touch, taste, and smell may be excited by various 
substances. The agents awakening sight, hearing, and 
touch are physical; those causing taste and smell are 
chemical. Animals differ widely in the numbers and 
keenness of their senses. But there is no sense in any 
one which does not exist in some other. 

Touch is the simplest and the most general sense ; no an- 
imal is without it, at least in the form of general sensibility. 
It is likewise the most positive and certain of the senses. 
In the Sea-anemone, Snail, and Insect, it is most acute in 
the " feelers" (tentacles, horns, and antennse),'* in the Oys- 
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ter, the edge of the mantle is most sensitive ; in Fisbee, 
the lips; iti Snakes, the tongue; in Birds, the beak and 
under aide of the toes ; in . * 

Quadrupeds, the lips and vvi''''** '■ 

tongue; and in Monkeys 
and Man, the lips and the 
tips of the tongue and fin- 
gers. In the most sensitive 
parts of Birds and Mam- 
mals, the true skin is raised 
np into multitudes of mi- 
nute elevations, called pa- 

pill(B, containing loops of P'a.UT.-Ai.leimBofVartoTuImwcta. 

capillaries and nerve-iilamentg. There is a correspondence 
between the delicacy of touch and the development of in- 
telligence. The Cat and Dog are more sagacious than 
hoofed animals. The Elephant and Parrot are remark- 
ably intelligent, and are as celebrated for their tactual 
power. 

Ta.ste is more refined than touch, since it gives a 
knowledge of properties which cannot be felt. It is al- 
ways placed at the entrance to the digestive canal, as its 
chief purpose is to guide animals in their choice of food. 
No special organ of taste can be de- 
tected in the Invertebrates, although 
all seem to exercise a faculty in se- 
lecting their food. Even in Fishes, 
Amphibians, Reptiles, and Birds tiiis 

Fio. 14B.— Paplllse uf Human ' ' r t 

Piain, X SMim cuticle be- 8en6e 18 VGTj obtusc, for they bolt 
ugremovB tlieir food. But the higher Verte- 

brates have it well developed. It is confined to tlie 
tongue, and is most delicate at the root." A state of 
solution and an actual contact of the fluid are necessary 
conditions. 

Smell is the perception of odors, i. e., certain substances 
12 
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in the gaseous state. Manv Invertebrates have this Bense: 
Snails, e. g., seem to be gaided to their food by its sceut, 
and Flies soon iind a piece of meat. In the latter the 
organ is probably located on the antennE^. In Verte- 
brates, it is placed at the entrance 
to the respiratory tube, in the upper 
region of the nose. There the olfac- 
tory nerves, which issue from the olfac- 
tory lobe of the brain, and pass through 
the ethmoid bone, or roof of the nasal 
*''^\hi"^BH'°<rf'tkf^' cavity, are distributed over a moist 
"'"T- mucous membrane. The odorous sub- 

stance, in a gaseous or tinely divided state, is dissolved in 
the mucus covering this membrane. In Fisbes and Rep- 
tiles generally, this organ is feebly developed; Sharks, 
however, gather from a great distance around a carcass. 
In til© Porpoises and Whales it is nearly or entirely 
wanting. Among Birds, Wadeis have the largest olfac- 
tory nerves. It is most acute in the carnivorous Quad- 
rupeds, and in some wild herbivores, as the Beer. In 
Man it is less delicate, but has a wider range than in any 
brute. 

Hearing is the perception of sound. The simplest 
form of the organ is a sac filled with fluid, in which float 
the soft and delicate ends of the auditory nerve. The 
vibrations of tlie fluid are usually strengthened by the 
presence of minute hard granules, call- 
ed otoliths. Most Invertebrates have 
no higher apparatus than this; and it 
is probable that they can distinguish 

one noise from another, but neither 

. , , . n.1 ^«' iw— Eur of a Woi- 

pitcli nor intensity. Xhe organ is gen- iu8k(ciwiiui,gteutiyeD- 

erally double, bnt not always located '"^' 

in the head. In the Clam, it is found at the base of the 

foot; some Grasshoppers have it in the fore-legs; and in 
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man; Insects it is on the wing. Lobsters and Crabs have 
the auditory sacs at tlie base of the antennfe." 



6i» (i>' «• 



A complex organ of hearing, located in the head, exists 
in all Vertebrates, save the very lowest Fishes. As com- 
plete in Man, it consists of the following parts : Ist. The 
external ear (which is peculiar to Mammals) ; the auditory 
canal, about an inch long, lined with hairs and a waxy se- 
cretion, and closed at tlie 
bottom by a membrane, 
called tympanum,, or 
"drum of the ear," 2d, 
The middle ear, contain- 
ing three little bones (the 

smallest in the body), mal-  

leus, incus, and stapes, ar- 
ticulated together. The 

cavity COmmnnicateS with rio.ll(!.-8e«loiiofHnmaHEar:a,flitaroal 

■' , - V eur, with mdilorj c«ual : b, lyinpnulc (*.!- 

the external air by means tr conUlDlngtbe three bonea = c,biiiuiucr. 

of the Eustachian tube, rLi".u'™"^':?th«'k™,n^-rC!; 
which opens at the back t'f:,-t'«mt^™,«Lt;7."d'^S?^ 
part of the mouth. 3d. visible. 

The internal ear, or labyrinth, an irregular cavity in the 
solid part of the temporal bone, and separated from the 
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middle ear by a bony partition, which is perforated by 
two small holes. The labyrinth consists of the vestihde^ 
or entrance ; the aemicircular eanalsj or tubes ; and the 
cochlea^ or spiral canal. While the other parts are full of 
air, the labyrinth is filled with a liquid, and in this are 
the ends of the auditory nerve. The vibrations of the 
air, collected by the external ear, are concentrated upon 
the tympanum, and thence transmitted through the chain 
of little bones to the fluid in the labvrinth. 

Now, the essential organ of hearing is the labyrinth, 
which is, substantially, a bag filled with fluid and nerve- 
filaments. Fishes generally have but little more. In 
Amphibians and Eeptiles there are added a tympanum, 
a single bone, connecting this with the internal ear, the 
cochlea, and the Eustachian tube; the tympanum being 
external. Birds have, besides, an auditory passage, open- 
ing on a level with the surface of the head, and surround- 
ed by a circle of feathers. Mammals only have an exter- 
nal ear.*' 

Sight is the perception of light." In all animals it de- 
pends upon the peculiar sensitiveness of the optic organ to 
the luminous vibrations. In .Vertebrates the optic nerve 
comes from the middle mass of the brain, in Invertebrates 
it is derived from a ganglion. Many animals are utter- 
ly destitute of visual organs, as the Protozoa, and the 
lower Radiates and Mollusks, besides intestinal Worms 
and the blind Fishes and other cave-animals. Around the 
margin of the Jelly-fish are colored spots, supposed to be 
rudimentary eyes ; but, as a lens is wanting, there is no 
image ; so that the creature can merfely distinguish light 
from darkness and color without form. Such an eye is 
nothing but a collection of pigment granules on the ex- 
pansion of a nervous thread, and the perception of light 
is the sensation of warmth, the pigment absorbing the 
rays and converting them into heat. 
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Going higher, we find a lens introduced forming a diB- 
tinct image. Tlie Snail, for example, has two simple eyes, 
called ocelli, monnted on the tip of its long tentacles, con- 
sisting of a globular lens," 
with a transparent skin 
(c-ornea) in front, and a 
colored 
mem brail e 
(choroid) 
and a ner- 
ve a a n e t- 
P10.1GS. — KToof work (reti- 
)*rged:iii,nioi]th; na) behind. 

I, tans: r, relloa rni ci 11 

Hud Choroid; n. The Scallop 

oerre. {PeCtm) liaS 

anch eyes in the ed{re of „ .. ^ , „ „ — . ^ _. 

its mantle (Fi?. 153). Sneh stmcm™ of teutucln: a, right interior \ma. 

^ . iHclfl retracted within the bndy^ b. right n- 

OrganS are the only eyes petlnr tentacle fullj protruded :*, left enpe- 

possessed by Myriapods, ;^"e^"^''/"pitc'«!°'"^^«t'ct'^.r™^^^ 
Spiders, Scorpions, and ^'„U'^.T/LVir"I.'h™imn!ii"'^'i^ 

Caterpillars. Adult In- luteriort«nlKle; I,m,ii«rvo.i.coll»r. 

sects usually have three ocelli on the top of the head. 
But the proper visual organs of Lobsters, Crabs, and In- 
sects are two compound eyea, perched 
on pedestals, or fixed on the sides of 
the head. They consist of an immense 
nnmber of ocelli pressed together so 
that they take an angular form — four^ j 
aided in Crustacea, six-sided in Insects. I 
They form two rounded protuberances 
variously colored — white, yellow, red, rio.ji».— HeaaofthaBee. 
green, purple, brown, or black. Under thewi™ ^ih^o" .Km- 
the microscope, the surface is seen to "n'*^ ™d ""> »"'""''"■ 
be divided into a host of facets," each being an ocellns 
complete in itself. Each cornea is convex on one side, 
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and either convex or flat on the otlier, so that it prodnceB 
a focus like a lens. Be- 
Ikind the cornea, or 
lens, is the pigment, 
having a minute aper- 
tnreor "pnpil." Next 
is a conical tnbe — one 

I for each facet — witli 

sides and bottom lined 

with pigment. These 

tubes converge to the 

optic ganglion, the 

fibres of which pass 

through the tubes to 

the cornea," Vision 

; by such a compound 

erDptiiiierT8B;B,groap eye IB not ft mosaic ; 
„. ugci : J. uu,u „, ui,i.c nerve ; g, Uyet of pig- - 
m<n(, A, vUreona humor: <,eornea. but each OCellUB glVBS 

a complete image, althougli a different perspective from 
its neighbor. The 
multiplied images are 
reduced to one men- 
tal stereoscopic pict- 
ure, on the principle 
of single vision in 
onrselves. 

The eyes of the 
Cuttle - fish are the 
laiT^est and the most ~,„ ,,- q„„,.„„,u v.^ ....^^ „ ^ 

B jrio.iai. — Hecti<inorllnmniiEfe:aniia fr. upper ana 
perfect among Inver- '*""" "^- '• oonJanctUB, or mncoas membrsue, 
'■ " lining tbe Inner mirrace; d,externn1 membrsDe; i, 
tebrateS. i Itey re- «heatl> or optic nerrc: /, s,mnBc1eB for rolHiig the 
,^ ., . eye np or down: A, sclerotic! f, tTHiirporent enr- 
semble the eyes or ne»!j,chorold; t,(.dliary nmsde foraflJnetinB 
bitrhprnniinalBin Iinv the eye for dlHaucci «,lfle mid popll; «,eni.al; 
nigner animals mnsv- o,retloa: »,YUreoi.e hnmnri (,crT>inl11iie: wan- 
ing a crystalline lens terior chamber! it, posterior chamber. 

with a chamber in fi-ont (open, however, to the sea- 
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water), and a chamber behind it filled with "vitreons 
humor." 

The eye of Vertebrates is formed by the infolding of 
the skin to create a lens, and an outgrowth of the brain 
to make a sensitive . 
layer; both enclosed in 
a white spherical case 
{sclerotic) made of 
tongh tissue, with a 
transparent front, call- 
ed the cornea. This 
case is kept in shape 
by two flnids — the thin 
aqueoua humor filling 
the cavity just behind 
the cornea, and the 
ielly-Iike mireous hu- 
mor occupying the lar- 
ger posterior chamber. 
Between the two hu- 
mors lies the double- 
convex crystaUine lena. 
On the front face of 
the lens is a contractile 
circular curtain (iris), 
with a hole in the cen- 
tre (pupil); and lin- 
ing the sclerotic coat 

is the choroid mem- : [ 

brane, covered witli ''"■,l,^„-;t^,'Jf'„;l';^;^r."„^.S;^„';,';,^^ 

dark pigment. The S.gnni!lionc«ll»: «,inlerna1mulBmlarliijer! B. 

optic nerve, entering euei 

at the back of the eye *' *' 

through the sclerotic and choroid coats, expands into the 

transparent retina, wliich consists of several layers — 
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fibrons, cellular, and granular. The most sensitive part is 
the surface lying next to the black pigment. And here 
is a peculiarity of the vertebrate eye : the nerve-fibres, en- 
tering from behind, turn back and look towards the bot- 
tom of the eye, so that vision is directed backward; while 
invertebrate vision is directly forward. In Vertebrates 
only, the optic nerves cross each other {decussate) in pass- 
ing from the brain to the eyes ; so that the right side of 
the brain, e. g., receives the impressions of objects on the 
left side of the body." 

Generally, the eyes of Vertebrates are on opposite sides 
of the head ; but in the Flat-fishes both are on the same 
side. Usually, both eyes see the same object at once ; but 
in most Fishes the eyes are set so far back, the fields of 
vision are distinct. The cornea may be flat, and the lens 
globular, as in Fishes ; or the cornea very convex, and the 
lens flattened, as in Owls. Purely aquatic animals have 
neither eyelids nor tears, but nearly all others (especially 
Birds) have three lids." The pupil is usually round ; but 
it may be rhomb-shaped, as in Frogs ; vertically oval, as 
in Crocodiles and Cats : or transversely oval, as in Geese, 
Doves, Horses, and Ruminants. Many Quadrupeds, as the 
Cat, have a membrane (tapetum) lining the bottom of the 
eyeball, with a brilliant metallic lustre, usually green or 
pearly : it is this which makes the eyes of such animals 
luminous in the dark. 

2. Instinct and Intelligence. 

The simplest form of nervous excitement is mere sensa- 
tion. Above this we have sensation awakening conscious- 
ness, out of which come those voluntary activities grouped 
together under the name of Instinct; and, finally. Intelli- 
gence. 

The lowest forms of life are completely under law, for 
their movements seem to be due solely to their organiza- 
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tion. They are automatons, or creatures of necessity. 
Such, also, are some actions in the higher animals, as 
breathing, the beating of the heart, the contractions of 
the iris, and all the first movements of an infant.'* But, 
generally, the actions of animals are not the result of mere 
bodily organization. 

The inferior orders are under the control of Instinct, 
i. e.y an apparently untaught ability to perform actions 
which are useful to the animal.***' They seem to be born 
with a measure of knowledge and skill (as Man is said to 
have innate ideas), acquired neither by reason nor experi- 
ment. For what could have led Bees to imagine that by 
feeding a worker -larva with royal jelly, instead of bee- 
bread, it would turn out a queen, instead of a neuter? 
In this case, neither the habit nor the experience could be 
inherited, for the worker -bees are sterile. We can only 
guess that the discovery has been communicated by the 
survivors of an older swarm. Uniformity is another char- 
acteristic feature of instinct. Different individuals of the 
same species execute precisely the same movements under 
like circumstances. The career of one Bee is the career 
of any other. We do not find one clever and another 
stupid. Honey-combs are built now as they were before 
the Christian era. The creatures of pure instinct appear 
to be tied down, by the constitution of their nervous sys- 
tem, to. one line of action, from which they cannot spon- 
taneously depart. The actions vary only as the structure 
changes."* There is a wonderful fitness in what they do, 
but there is no intentional adaptation of means to ends. 

All animals, from the Star-fish to Man, are guided more 
or less by instinct; but the best examples are furnished 
by the insect- world, especially by the social Hymenopters 
(Ants, Bees, and Wasps). The Butterfly carefully pro- 
vides for its young, which it is destined never to see ; 
many Insects feed on particular species of plants, which 
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they select with wonderful sagacity; and jMonkeys avoid 
poisonous, berries ; Bees and Squirrels store up food for 
the future ; Bees, Wasps, and Spiders construct with mar- 
vellous precision ; and the subterranean chambers of Ants 
and the dikes of the Beaver show engineering skill ; while 
Salmon go from the ocean up the rivers to spawn ; and 
Birds of the temperate zones migrate with great regu- 
larity. 

But in the midst of this automatism there are the glim- 
merings of intelligence and free-will. We see some evi- 
dence of choice and of designed adaptation. Pure in- 
stinct should be infallible. Yet we notice mistakes that 
remind us of mental aberrations. Bees are not so eco- 
nomical as has been generally supposed. A mathemati- 
cian can make five cells with less wax than the Bee uses 
for four; while the Humble-bee uses three times as much 
material as the Hive bee. An exact hexagonal cell does 
not exist in nature. Flies lay eggs on the carrion-plant 
because it happens to have the odor of putrid meat. The 
domesticated Beaver will build a dam across its apartment. 
Birds frequently make mistakes in the construction and 
location of their nests. In fact, the process of cheating 
animals relies on the imperfection of instinct. Nor are' 
the actions of the brute creation always perfectly uni- 
form ; and, so far as animals conform to circumstances, 
they act from intelligence, not instinct. There is proof 
that some animals profit by experience. Birds do learn 
to make their nests ; and the older ones build the best. 
Trappers know well that young animals are more easily 
caught than old ones. Birds brought up from the egg, 
in cages, do not make the characteristic nests of their 
species ; nor do they have the same song peculiar to their 
species, if they have not heard it. Chimney-swallows cer- 
tainly built their nests differently in America three hun- 
dred years ago. A Bee can make cells of another shape. 
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for it sometimes does ; its actions, therefore, being elec- 
tive and conditional, are in a measure the resalt of calca- 
lation. 

The mistakes and variations of instinct are indications 
that animals have something more — a limited range of 
that principle of latelligence so luminous in Man. No 
precise line can be drawn between instinctive and intel- 
ligent acts ; all we can say is, there is more freedom of 
choice in the latter than the former; and that some ani- 
mals are most instinctive, others most intelligent. Thus, 
we speak of the instinct of the Ant, Bee, and Beaver, 
and the intelligence of the Elephant, Dog, and Monkey. 
Instinct loses its peculiar character as intelligence becomes 
developed. Ascending from the Worm and Oyster to 
the Bee, we see the movements become more complex in 
character and more special in their objects; but instinct 
is supreme. Still ascending, we observe a gradual fading- 
away of the instincts, till they become subordinate to 
higher faculties — will and reason. We can predict with 
considerable certainty the actions of animals guided by 
pure instinct ; but in proportion as they possess the power 
of adapting means to ends, the more variable their actions. 
Thus, the architecture of Birds is not so uniform as that 
of Insects."" 

We must credit brutes with a certain amount of obser- 
vation and imitation, curiosity and cunning, memory and 
reason. Animals have been seen to pause, deliberate, or 
experiment, and resolve. The Elephant and Horse, Dog 
and Monkey, particularly, participate in the rational nat- 
ure of Man, up to a certain point. Thinking begins wher- 
ever there is an intentional adaptation of means to ends ; 
for that involves the comparison and combination of ideas. 
Animals interchange ideas: the whine of a Dog at the 
door on a cold night certainly implies that he wants to 
be let in. Bees and Ants, it is well known, confer by 
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passing their anteDnsB. All the higher animals, too, have 
similar emotions — as joy, fear, love, and anger. 

While instinct cnlminates in Insects, the highest devel- 
opment of intelligence is presented in Man.*" In Man 
only does instinct cease to be the controlling power. He 
stands alone in having the whole of his organization con- 
formed to the demands of his brain ; and his intelligent 
acts are characterized by the capacity for unlimited prog- 
ress. The brutes can be improved by domestication ; 
but, left to themselves, they soon relapse into their origi- 
nal wildness. Civilized Man also goes back to savagery; 
yet Man (though not all Men) has the ambition to exalt 
his mental and moral nature. He has a soul, or conscious 
relation to the Infinite, which leads him to aspire after a 
lofty ideal. Only he can form abstract ideas. And, 
finally, he is a completely self-determining agent, with *a 
prominent will and conscience — the highest attribute of 
the animal creation. In all this, Man differs profoundly 
from the lower forms of life. 

3. The Voices of Animals. 

Most aquatic animals are mute. Some Crabs make 
noises by rubbing their fore-legs against their carapace; 
and many Fishes produce noises in various ways, mostly 
by means of the swim-bladder. Insects are the Inverte- 
brates which make the most noise. Their organs are usu- 
ally external, while those of Vertebrates are internal. In- 
sects of rapid fiight generally make the most noise. In 
some the noise is produced by friction (stridulation) ; in oth- 
ers, by the passage of air through the spiracles (humming). 
The shrill notes of Crickets and Grasshoppers are pro- 
duced by rubbing the wings against each other, or against 
the thighs ; but the Cicada, or Harvest-fly, has a special 
apparatus — a tense membrane on the abdomen, acted upon 
by muscles. The buzzing of Flies and humming of Bees 
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are caused, in part, by the vibrations of the wings ; but 
the true voice of these Insects comes from the spiracles 
of the thorax. 

Snakes and Lizards have no vocal cords, and can only 
hiss. Frogs croak"* and Crocodiles roar, and the huge 
Tortoise of the Galapagos Islands utters a hoarse, bellow- 
ing noise. 

The vocal apparatus in Birds is situated at the lower 
end of the trachea, where it divides into the two bron- 
chi."* It consists mainly of a bony drum, with a cross- 
bone, having a vertical membrane attached to its upper 
edge. The membrane is put in motion by currents of air 
passing on either side of it. Five pairs of muscles (in the 
Songsters) adjust the length of the windpipe to the pitch 
of the glottis. The various notes are produced by diflEer- 
ences in the blast of air, as well as by changes in the ten- 
sion of the membrane. The range of notes is commonly 
within an octave. Birds of the same family have a simi- 
lar voice. All the Parrots have a harsh utterance ; Geese 
and Ducks quack; Crows, Magpies, and Jays caw; while 
the Warblers differ in the quality, rather than the kind, of 
note."* The Parrot and Mocking-bird use the tongue in 
imitating human sounds. Some species possess great com- 
pass of voice. The Bell -bird can be heard nearly three 
miles; and Livingstone said he could distinguish the voices 
of the Ostrich and the Lion only by knowing that the for- 
mer roars by day, and the latter by night. 

The vocal organ of Mammals, unlike that of Birds, is 
in the upper part of the larynx. It consists of four car- 
tilages, of which the largest (the thyroid) produces the 
prominence in tlie human throat known as "Adam's ap- 
ple," and two elastic bands, called " vocal cords," just be- 
low the glottis, or upper opening of the windpipe. The 
various tones are determined by the tension of these cords, 
which is effected by the raising or lowering of the thyroid 
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cartilage, to which oue end of the cords ie attached. The 
will canDot influence the contraction of the vocalizing 
mnacles, except in the very act of vocalization. The vo- 
cal EoundB produced by Maminala may be 
diatinguiehed into the ordinary voice, the 
cry, and the Bong. Tlie second is the sound 
made by brntes. The Whale, Porpoise, Ar- 
madillo, Ant-eater, Porcupine, and Gii-affu 
are generally silent. The Bat's voice is 
probably the shrillest soand audible to hu- 
FiB, iw.-Hiiniiin |„an ^^j.&. There is little modulation in 

Lar^DX, H«D ID 

proflie; a, hair brutfl Utterance. The Opossum purrs, the 
bonei'e, 't^ Sloth atid KangAroo moan, the Hog grants 
BgMi^'i^iuu or squeals, the Tapir whistles, the Stag bel- 
"•■ Iowa, and the Elephant gives a hoarse trump- 

et sound from its trunk and a deep groan from its throat. 
All Sheep have a guttural voice; all the Cows low, from 
the Bison to the Musk-ox; all the Horses and Donkeys 
neigh; all the Cats miau, from the domestic animal to the 
Lion; all the Bears growl; and all the Canine family — 
Fox, Wolf, and Dog — bark and howl. The Howling- 
monkeys and Gorillas have a large cavity, or sac, in the 
throat for resonance, enabling them to utter a powerful 
voice; and one of the Gibbon-apes has the remarkable 
power of emitting a complete octave of musical notes. 
The human voice, taking the male and female together, 
has a range of nearly four octaves. Man's power of speech, 
or the utterance of articulate sounds, is due to his intel- 
lectual development rather than to any structural differ- 
ence between him and the Apes. Song is produced by 
the vocal coi'ds, speech by tlie mouth. 
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CHAPTER XIX. 



BEPEODtrCTION. 



It is a fnt)dame»tal truth that every living organism 
has had its origin in Boine pre-existing organiBiii. The 
doctrine of "spontaneous generation," or the supposed 
origination of organized structures out of inorganic parti- 
cles, or out of dead organic matter, has not yet been sus- 
tained by facts. 

Reproduction is of two kinds — sexual and asexual. 
All animals, probably, have the first method, wliile a very 
great number of the 
lower forms of life have 
the latter also. 

Of asexual reproduc- 
tion there are two kinds 
— Self - division and 




Self-divielon, the 
simplest mode possible, 
is a natural break ing-np 
of the body into distinct 
surviving parts. This 

process is sometimes ex- ^^ Y-X 

traordinarily rapid, the s£) 

increase of one animal- ^ f^ 

cule (Paramceciura) be- " ^^ 

ine computed at 268 Fio. na— Heprodnctlon of InfuBorl* (FwKcrf. 
°,. . , , T. I" »"^ o'ters) bj fiiaiou o( Mlf-divWou, 

millions in a mouth. It 

may be either transverse or longitudinal. Of the first 

sort, Figs. 1, 2, and 3 (Fig. 160) are examples ; of the latter, 
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Figs. 4, 6, 9-13. This form of reproduction is, naturally, 
confined to animals whose tissues and organs are simple, 
and so can easily bear division, or whose parts are so ar- 
ranged as to be easily separable without serious injury. 
The process is most common in Protozoa, Worms, and 
Polyps. 

Budding is separated by no sharp line from Self-divi- 
sion. While in tlie latter a part of the organs of the par- 
ent go to the offspring, in the former one or more cells 
of the original animal begin to develop and multiply so 
as to grow into a new animal like the parent. The proc- 
ess in animals is quite akin to the same operation in 
plants. The buds may remain permanently attached to 
the parent-stock, thus making a colony, as in Corals and 
Bryozoa {continuous budding), or they may be detached 
at some stage of growth {discontinuous budding). This 
separation may occur when the bud is grown up, as in 
Hydra (Fig. 191), or as in Plant-lice, Daphnias (Fig. 255), 
and among other animals the buds may be internal, and 
detached when entirely undeveloped and externally re- 
sembling an egg. They differ, however, entirely from a 
true egg in developing directly, without fertilization. 

Sexual Reproduotioii requires cells of two kinds, usu- 
ally from different animals. These are the germ-cell or 
egg, and the sperm-cell. The embryo is developed from 
the union of the two cells."' 

The egg consists essentially of three parts, the germinal 
vesicle, the yolk, and the vitelline membrane, which sur- 
rounds both the first. It is ordinarily globular in shape. 
Of the three parts, the primary one is the germinal vesi- 
cle — a particle of protoplasm. The yolk serves as food 
for this, and the membrane protects both. When a great 
mass of yolk is present, it is divisible into two parts— ;/br- 
mative a^nd food yolk. The latter is of a more oily nature 
than the former, and is usually not segmented with the 
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egg. The structure of the hen's egg is more complicated. 
The outside shell consistB of earthy matter (lime) depos- 
ited ID a net-work of animal matter. „ 
It is minntelj porous, to allow the 
passage of vapor and air to and fro. 
Lining the shell is a double mem- 
brane (inembrana putaminis) resem- 
bling delicate tisBue-paper. At the 
larger end, it separates to enclose a ^.^^ 
bubble of air for the use of the chick. ™ 
Next comes the albumen, or " white," a, »ibnminoos 
in spirally arranged layers, withii 
which floats the yolk. The yolk i 
prevented from moving towards either end of the egg by 
two twisted cords of albumen, called ckalascB ; yet is al- 
lowed to rise towards one side, the yolk being lighter than 
the albumen. The yolk is composed of oily granules 
(about ,4t of an inch in diameter), enclosed in a sac, called 
the vitelline memirane,&nd disposed in concentric layers, 
like a set of vases placed one within the other. That part 
of the yolk which extends from the centre to a white 
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epot {cicatricula) on the outside cannot be hardened, even 
with the most prolonged boiling. The cicatricula, or em- 
bryo-spot — the part for which all the rest was made — is 
a thin disk of cellular structure, in which the new life 
first appears. This was originally a simple cell, bat de- 
velopment has gone some way before the egg is laid. It 
is always on that side which naturally turns uppermost, 
for the yolk can turn upon its axis; it is, therefore, al- 
ways nearest to the external air and to the Hen's body — 
two conditions necessary for its development. There is 
anotlier reason for this polarity of the egg: the lighter 
and most delicate part of the yolk is collected in its 
upper part, while tlie heavy, oily portion remains be- 
neath. 

In most eggs the shell and albumen are wanting. When 
the albumen is present, it is commonly covered by a mem- 
brane only. In Sharks, the envelope is horny; and in 
Crocodiles it is calcareons, as in Birds. 

The egg of the Sponge has no trne vitelline membrane, 

and is not unlike an ordinary amoeboid cell. An egg is, 

in fact, little more than a very large 

cell, of which the germinal vesicle is 

the nucleus. 

The size of an egg depends mainly 

npon the quantity of yolk it contains ; 

and to this is proportioned the grade of 

development which the embryo attains 

when it leaves the egg.'"' In the eggs 

Pia. i«.-Bggot8ponKe : of the Star-fislies, Worms, Insects, Mol- 

n,nndea.. j^jgj^g (except tlic Cuttle-fishcs), many 

Amphibians, and Mammals, the yolk is very minute and 

formative, i. c, it is converted into the parts of the future 

embryo. In the eggs of Lobsters, Crabs, Spiders, Cepha- 

lopods, Fishes, Heptiles, and Birds, the yolk is large and 

colored, and consists of two parts — the formative, or 
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germ-yolk, immediately snrrounding the germioal veaicle ; 
and the nutritive, or food-yolk, coDStitnting the greater 
part of the mass, by which the young animal in the egg- 
life is nourished. In the latter case, the yonng come forth 
more mature than where the food-yolk is wanting. 

As to form, e^s are oval or elliptical, as in Birds and 
Crocodiles ; spherical, as in Turtles and Wasps ; cylindri- 
cal, as in Bees and Flies; or shaped like a hand-barrow, 
with tendrils on the corners, as in the Shark. The eggs 



Fia.lH.— EgEi>faShitTli(tboeitemRlglllsof iheeiDbiynarenot reprewDtccI). 

of some very low forms are scnlptured or covered with 
hairs or prickles. 

The nnmber of eggs varies greatly in different animals, 
as it is in proportion to the risks during development. 
Thus, the eggs of aquatic tribes, being unprotected by the 
parent, and being largely consumed by many animals, are 
multiplied to prevent extinction. The spawn of a single 
Cod contains millions of eggs; that of the Oyster, 6,000,- 
000. A Queen-bee, during the five years of her existence, 
lays about a million e^s. 

Eggs are laid one by one, as by Birds ; or in clusters, as 
by Frogs, Fishes, and most Invertebrates. The spawn of 
the Sea-snails consists of vast numbers of eggs adhering 
together in masses, or in sacs, forming long strings. 

As a rule, the higher the rank, the more care animals 
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take of their eggs and their young, and the higher the 
temperature needed for egg-development. In the major- 
ity of cases, eggs are left to themselves. The fresh-water 
Mussel (Unio) carries them within its gills, and the Lob- 
ster under its tail. The eggs of many Spiders are envel- 
oped in a silken cocoon, which the mother guards with 
jealous care. Insects, as Flies and Moths, deposit their 
eggs where the larva, as soon as born, can procure its own 
food. Most Fishes allow their spawn, or roe, to float in 
the water ; but a few build a kind of flat nest in the sand 
or mud, hovering over the eggs until they are hatched ; 
wliile the Acard of the Amazons carries them in its 
mouth. The Amphibians, generally, envelop their eggs 
in a gelatinous mass, which they leave to the elements ; 
but the female of the Surinam Toad carries hers on her 
back, where they are placed by the male. The great Am- 
azon Turtles lay their eggs in holes two feet deep, in the 
sand ; while the Alligators simply cover theirs with a few 
leaves and sticks. Nearly all Birds build nests, those of 
the Perchers being most elaborate, as their chicks are de- 
pendent for a time on the parent.'** The young of Mar- 
supials, as the Kangaroo, which are born in an extremely 
immature state, are nourished in a pouch outside of the 
body. But the embryo of all other Mammals is devel- 
oped within the parent to a more perfect condition, by 
means of a special organ, the placenta. It is a general 
law, that animals receiving in the embryo state the longest 
and most constant parental care ultimately attain the high- 
est grade of development. 

The Protozoa, which have no true eggs, have a sort of 
reproduction called conjugation. In this process two 
Amoebae unite into one mass, surround themselves with a 
case, in which they divide into several parts, each portion 
becoming a new Amoeba. 

The sperm-cells differ from the egg in being very small. 
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usually motile, and in that a large number are usually 
produced from a single cell of the animal, while the egg 
represents an entire cell. The union of the sperm-cell 
with the germinal vesicle {fertilization) is the first step 
in development, and without it the egg will not develop. 
But the nature of the process is unknown. 



CHAPTER XX. 

DEVELOPMENT. 

Development is the evolution of a germ into a com- 
plete organism. The study of the changes within the egg 
constitutes the science of Embryology; the transforma- 
tions after the egg-life are called metamorphoses, and in- 
clude growth and repair. 

The process of development is a passage from the gen- 
eral to the special, from the simple to the complex, from 
the homogeneous to the heterogeneous, by a series of dif- 
ferentiations. It brings out first the profounder distinc- 
tions, and afterwards those more external. That is, the 
most essential parts appear first. And not only does de- 
velopment tend to make the several organs of an individ- 
ual more distinct from one another, but also the individual 
itself more distinguished from other individuals and from 
the medium in which it lives. With advancing develop- 
ment, the animal, as a rule, acquires a more specific, defi- 
nite form, and increases in weight and locomotive power. 
Life is a tendency to individuality. 

The first step in development, after fertilization, is the 
segmentation of the egg, by a process of self -division. In 
the simplest form, the whole yolk divides into two parts ; 
these again divide, making four, eight, sixteen, etc., parts. 
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until the whole ;olk ie Bubdivided into very email por- 
tiona (cells) surrounding a central cavity. This stage is 
known as the "mulberry-mass," or blastula (Fig. 165, c). 



Fia. im.— Plivl StaRSf In SeRineDtHiInn nin MBinmnllaa E^^g: A, flr» diriBion lata 
hilvGB, Willi spernlBliii'ni irunud IC; BaoA C. pnigreiwlie riihdiTisliin. nltimato- 

brjo-wlla. 

If tlie yolk is larger, relatively to the germinal vesicle, 
the process of division may go on more slowly in one of 
the two parts of the egg, first formed ; or in very large 
eggs, like those of Birds and Cuttle-fishes, only a small 
part of the yolk subdivides. 

In some form, the process of segmentation is found in 
the eggs of all animals, as is also the following stage. 
" This step is the differentiation of the 

single layer of cells into two parts, 
one for the body-wall, the other for 
the wall of the digestive tract. la 
the typical cKamplea, this is accom- 
plished by one part of the wall of 
Via. IK.— niaenmnfoutni- the blastuIa turning in, so far as to 

Inuf s Worn (aigtim): a, .. ^i ui ^ i - . . t 

primicira mautb! ». primi- couvcrt the blEstula into a sort ot 
pH"iuvr'X»"i7? «S double-walled cnp, the g<Mtrula (Fig. 
eQaod«rni-.«,eciodBrn.. igg). One half of the wall of the 
blastula is now the enter wall of the germ, the other half 
that of the digestive cavity; the original blastula-cavity 
is now tlie body-cavity, and the new cavity formed by the 
infolding is the stomauh, and its opening is both mouth 
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and vent (Figs. 165, 166). Some adult animals are little 
more than such a sac. Hydra (Fig. 191), for instance, is 
little different from a gastrula with tentacles, and one of 
its relatives wants even these additions. 

Ordinarily, however, development goes much further. 
From the two original layers arises, in various ways, a third 
between them, making the three primitive germ-layers — 
epiblaafj meaoblaat^ and hypoblast. This new layer is nec- 
essarily in the primitive body -cavity, which it may fill 
up ; or usually a new body-cavity is formed, in diflferent 
ways in different groups. In by far the great majority 
of animals the digestive tract gets a new opening, which 
usually becomes the mouth ; and the old mouth may 
close, or serve only the functions of the vent. From this 
point the development of each group must be traced in 
detail. 

Development of a Hen's Egg. — After the segmentation 
the germinal disk divides into two layers, between which 
a third is soon formed. The upper layer {epiblaat) gives 

6 6 - & 

a- 






FiQ. 167.— Vertical SectiouH of au Egg, showing progressive stages of development: 
a, notochord ; 6, medallary furrow, becoming a closed canal in the last. 

rise to the cuticle, brain, spinal cord, retina, crystalline 
lens, and internal ear. From the lower layer (hypoblast) 
is formed the epithelium of the digestive canal. From 
the middle layer {mesdblast) come all the other organs — 
muscles, nerves, bones, etc. The mesoblast thickens so 
as to form two parallel ridges running lengthwise of 
the germ, and leaving a groove between them (medvJr 
lary furrow and ridges),^^^ The ridges gradually rise, 
carrying with them the epiblast, incline towards each oth- 
er, and at last unite along the back. So that we have a 



. I 
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tube of epiblast surrounded by mesoblast, which is itself 
covered by epiblast. This tube becomes the brain and 
spinal cord, whose central canal, enlarging into the ven- 
tricles of the brain, tells the story of its original forma- 
tion. Beneath the furrow, a delicate cartilaginous thread 
appears (called notochord) — the predecessor of the back- 
bone. Meanwhile the mesoblast has divided into two 
layers, except in the middle of the animal, beneath the 
spinal cord, and in the head. One of these layers remains 
attached to the epiblast, and with it forms the body- wall ; 
the other bends rapidly downward, carrying the hypoblast 
with it, and forms the wall of the intestine. The space 
thus left between the layers of the mesoblast is the body- 
cavity. At the same time, the margin of the germ ex- 
tends farther and farther over the yolk, till it completely 
encloses it. So that now we see two cavities — a small 
one, containing the nervous system ; and a larger one be- 
low, for the digestive organs. Presently, numerous rows 

of corpuscles are seen 
A^, K '"^^ ^^ ^^^ middle layer, 

v^ ^^HV '10^^* ^^^^^^^ ^^^ subsequent- 

ly enclosed, forming a 

« .«> « ^« . TT * . i net-work of capillaries. 

Fig. 168. — Rudimentary Hearts, hnmnn : 1, venous * ' 

trauks; 2, auricle; 3, ventricle; 4, bulbus arte- called the VaSCulararca. 

A dark spot indicates 
the situation of the heart, which is the first distinctly 
bounded cavity of the circulatory system. It is a short 
tube lying lengthwise just behind the head, with a feeble 
pulsation, causing the blood to flow backward and for- 
ward. The tube is gradually bent together, until it forms 
a double cavity, resembling the heart of a Fish. On the 
fourth day of incubation, partitions begin to grow, divid- 
ing the cavities into the right and left auricles and ven- 
tricles. The septum between the auricles is the last to 
be finished, being closed the moment respiration begins. 
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The blood-vessels ramify in all directions through the 
yolk, making it a spongy mass, and all perform the same 
office; it is not till the fonrth or fifth day that arteries 
can be dietingniahed from veins, by being thicker, and by 
carrying blood only from the heart,'" 




la. ira.— Embryo tn a Heii'e Egg daring Ibe flnt Bi 

figures rormlng the smnlotlc sac; D,Tll«lllne n 
darm, the lint radiment of the donal part (In tb 
or the Iniige); h, bsart; a, b, lU two cbambara: 
llTSr i p, nllaDtala. 
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The embryo Wee with its face, or ventral enrface, tow- 
ards the ;olk^ the head aud tail curving towards each 



«irtiu»orUie »liell-meinbr«no. (Frwu Dsllou's'Tlijiiloloin.") 

other. Around the embryo on all Bides the epiblast aad 
npper layer of the mesoblaet rise like a hood over the 
back of the embryo till they 
form a closed sac, called the 
amnion. It is filled with a 
tliia liquid, which serves to 
protect the embryo. Mean- 
while, another important or- 
gan is forming on the other 
side. From the hinder por- 
tion of the alimentary canal 
an outgrowth is formed 
 which extends beyond the 
i. wall of the embryo proper 
ire dBTeiopins, (From into the cavity of the amni- 

whole inner surface of the shell, so that it partly surrounds 
both embryo and inner layer of the amnion (amnion prop- 



7ia. ITI. — Hannnalisti 
lanttils rnlly rcn-med: 
ele, cnnutuliig tbe Ui 
•n)tiloD:S,sllwitole,oDwliktatberrlDgr:B 
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ier). This is the aUantois. It is full of blood-vessels, and 
it serves as the respiratory organ until the chick picks the 
shell and breathes by its lungs."' The chorion is the out- 
ermost part of the allantois, and the placenta of Mammals 
is the shaggy, vascular edge of the chorion. 

The alimentary canal is at first a straight tube closed at 
both ends, the middle being connected with the yolk-bag. 
As it grows faster than the body, it is thrown into a spi- 
ral coil ; and at several points it dilates, to form the crop, 
stomach, gizzard, etc. The mouth is developed from an 
infolding of the skin. The liver is an outgrowth from 
the digestive tube, at first a cluster of cells, then of folli- 
cles, and finally a true gland. The lungs are developed 
on the third day as a minute bud from the upper part of 
the alimentary canal, or pharynx. As they grow in size, 
they pass from a smooth to a cellular condition. 

The skeleton at the beginning consists, like the noto- 
chord, of a cellular material, which gradually turns to car- 
tilage. Then minute canals containing blood-vessels arise, 
and earthy matter (chiefly phosphate of lime) is deposited 
between the cells. The primary bone thus formed is 
compact : true osseous tissue, with canaliculi, laminae, and 
Haversian canals, is the result of subsequent absorption."' 
Certain bones, as those of the face and cranium, are not 
preceded by cartilage, but by connective tissue : these are 
called membrane bones. Ossification, or bone-making, be- 
gins at numerous distinct points, called centres; and, the- 
oretically, every centre stands for a bone, so that there are 
as many bones in a skeleton as centres of ossification. 
But the actual number in the adult animal is much small- 
er, as many of the centres coalesce."* The development 
of the backbone is not from the head or from the tail, but 
from a central point midway between : there the first ver- 
tebrae appear, and from thence they multiply forward and 
backward. 
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The limbs appear as buds on the sides of the body; 
these lengthen and expand so as to resenable paddles — 
the wings and legs looking precisely alike ; and, finally, 
they are divided each into three segments, the last one 
subdividing into digits. Tlie feathers are developed from 
the outside cells of the epidermis : first, a horny cone is 
formed, which elongates and spreads out into a vane, and 
this splits up into barbs and barbules. 

The muscle-fibres are formed either by the growth in 
length of a single cell, or by the coalescence of a row of 
cells : the cell- wall thus produces a long tube — the sarco- 
lemma of a fibre — and the granular contents arrange them- 
selves into linear series, to make fibrillse. 

Nervous tissue is derived from the multiplication and 
union of embryo-cells. The white fibres at first resemble 
the gray. The brain and spinal marrow are developed 
from the epiblastic lining of the medullary furrow. Soon 
the brain, by two constrictions, divides into fore -brain, 
mid-brain, and hind -brain. The fore- brain throws out 
two lateral hemispheres (cerebrum), and from these pro- 
trude forward the two olfactory lobes. From the mid- 
dle-brain grow the optic lobes; and the hind -brain is 
separated into cerebellum and medulla oblongata. The 
essential parts of the eye, retina and crystalline lens, are 
developed, the former as a cup-like outgrowth from the 
fore-brain, the latter as an ingrowth of the epidermis. 
An infolding of the epidermis gives rise to the essential 
parts of the inner ear, and from the same layer come the 
olfactory rods of the nose and the taste-buds of the tongue. 
So that the central nervous system and the essential parts 
of most of the sense-organs have a common origin. 

Modes of Development. — The structure and embryology 
of a Hen's egg exhibit many facts which are common 
to all animals. But every grand division of the Animal 
Kingdom has its characteristic method of developing. 
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Protozoans differ from all higher forms in having no 
true eggs. 

The egg of the Hjdroid, after segmentation, becomes a 
hollow, pear-shaped body, covered with cilia. Soon one 
end is indented; then the indentation deepens until it 
reaches the interior and forms the mouth. The animal 
fastens itself by the other end, and the tentacles appear 
as buds. In the Sea-anemone, the stomach is turned in, 
and the partitions appear in pairs. 

In the Oyster, the egg segments into two unequal parts, 
one of which gives rise to the digestive tract and its de- 
rivatives, while from the smaller part originate the skin, 
gills, and shell. It is soon covered with cilia, by whose 
help it swims about. 

The embryo of an Insect shows from the first a right 
and left side ; but the first indication that it is an Articu- 
late is the development of a series of indentations divid- 
ing the body into successive rings, or joints. Next, we 
observe that the back lies near the centre of the egg, the 
ventral side looking outward ; i. e,^ the embryo is doubled 
upon itself backward. And, finally, the appearance of 
three pairs of legs proves that it will be an Insect, rather 
than a Worm, Crustacean, or Spider. 

The Vertebrate ehibryo lies with its stomach towards 
the yolk, reversing the position of the Articulate ; but the 
grand characteristic is the medullary groove, which does 
not exist in the egg of any Invertebrate. This feature is 
connected with another, the setting apart of two distinct 
regions — the nervous and nutritive. There are three 
modifications of Vertebrate development: that of Fishes 
and Amphibians, that of True Reptiles and Birds, and 
that of Mammals. The amnion and allantois are wanting 
in the first group ; while the placenta (which is the allan- 
tois vitally connected with the parent) is peculiar to Mam- 
mals. In Mammals, the whole yolk is segmented; in 
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Birds, segmentation is confined to tlie small white speck 
seen in opening the shell. 

At the outset, all animals, from the Sponge to Man, 
appear essentially alike. All, moreover, undergo seg- 
mentation, and most have one form or other of the 
gastrula stage. But while Vertebrates and Invertebrates 
can travel together on the same road up to this point, 
here they diverge — never to meet again. For every grand 
group early shows that it has a peculiar type of construc- 
tion. Every egg is from the firat impressed with the 
power of developing in one direction only, and never does 
it lose its fundamental characters. The germ of the Bee 
is divided into segments, showing that it belongs to the 
Articulates ; the germ of the Lion has the medullary 
stripe — the mark of the coming Vertebrate. The blasto- 
dermic layer of the Vertebrate egg rolls up into two tubes 
—one to hold the viscera, the other to contain the nervous 
cord; while that of the Invertebrate egg forms only one 
such tubular division. The features which determine the 
subkingdom to which an animal belongs are first devel- 
oped, then the characters revealing its class. 

There are diflFerences also in grade of development as 
well as type. For a time there is no essential difference 
between a Fish and a Mammal: they have the same ner- 
vous, circulatory, and digestive systems. There are many 
such cases, in which the embryo of an animal represents 
the permanent adult condition of some lower form. In 
other words, the higher species, in the course of their de- 
velopment, offer likenesses, or analogies, to finished lower 
species. The human germ, at first, cannot be distinguished 
from that of any other animal : for aught we can see, it 
may turn out a Frog or a Philosopher. The appearance 
of a medullary stripe excludes it at once from all Inverte- 
brates. It afterwards has, for a time, structures found in 
the lower classes and orders of Vertebrates as permanent 
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organs. For a time, indeed, the human embryo so closely 
resembles that of the lower forms as to be indistinguisha- 
ble from them ; but certain structures belonging to tliose 
forms are kept long after the embryo is clearly human."* 
All the members of a group do not reach the same degree 
of perfection, some remaining in what coiTCsponds to the 
immature stages of the higher animals. Such may be 
called permanently embryonic forms. 

Sometimes an embryo develops an organ in a rudimen- 
tary condition, which is lost or useless in the adult. Thus, 
the Greenland Whale, when grown up, has not a tooth in 
its head, while in the embryo life it has teeth in both 
jaws; unborn Calves have canines and upper incisors; 
and the female Dugong has. tusks which never cut the 
gum. The "splint-bones" in the Horse's foot are unfin- 
ished metatarsals. 

Animals differ widely in the degree of development 

reached at ovulation and at birth. The eggs of Frogs 

are laid when they can hardly be said to have become 

fully formed as eggs. The eggs of Birds are laid when 

segmentation is complete, while the eggs of Mammals are 

retained by the parent till after the egg-stage is passed."' 

Euminants and terrestrial Birds are born with the power 

of sight and locomotion. Most Carnivores, Rodents, and 

perching Birds come into the world blind and helpless ; 

while the human infant is dependent for a much longer 

time. 

1. Metamorphosis. 

Few animals come forth from the egg in perfect condi- 
tion. The vast majority pass through a great variety of 
forms before reaching maturity. These metamorphoses 
(which are merely periods of growth) are not peculiar to 
Insects, though more apparent in them. Man himself is 
developed on the same general principles as the Butterfly, 
but the transformations are concealed from view. The 



208 COMPARATIVE ZOOLOGY. 

Coral, when hatched, has six pairs of partitions ; after- 
wards, the spaces are divided by six more pairs; then 
twelve intermediate pairs are introduced; next, twenty- 
four, and BO on. The emhryonic Star-tish has a long 
body, with six arms on a side, in one end of which the 
yonng Star-tish is developed. Soon the twelve-armed 
body 18 absorbed, and the young animal is of age. 
Worms are continually growing by the addition of new 
segments. Nearly ail Insects undergo complete metamor- 
phosis, i. e., exhibit fonr distinct stages of existence — egg, 
larva, pupa, and imago. The worm-like larva'" may be 
called a locomotive-egg. It has little resemblance to the 
parent in structure or habits, eating and growing rapidly. 
Then it enters the pupa state, wrapping itself in a cocoon, 
or case, and remaining apparently dead till new organs 
are developed; when it escapes a perfect winged Insect, 



Fia. IT!.— BalterU; In tbe Ima^, Papn, and Lxm Slato. 

or imago,'" Wings never exist externally in tlie larva; 
and some Insects which undergo no apparent metamor- 
phosis, as Lice, are wingless. The Grasshopper develoi>s 
from the young larva to the winged adnlt without chang- 
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ing its mode of life. In the development of the common 
Crab, so different is the ontward form of the newlj 




ITS.— UeUmorpboels of the Hotgnito (Ctilaylpiimt) : A, boat uf egga ; B, soma 
ottbe eggB bigbly maguifled ^ if, wlib lid upeu fur Ihe eicspe of ibe larrs, C; D, 
pn|«i S, IxTTB mB|[iiiaed, sbowliig res|>lriiIor7 tnbe, <, anitl flue,/, anteoDE, g; 
Filmaeo! ii,uiteDue; ft, beak. 

hatched embryo from that of the adult, that the former 
has been described as a distinct species. 

The most remarkable example of metamorphosis among 
Vertebrates is furnished hy the Amphibians. A Tadpole 
— the larva of the Frog — has a tail, but no legs ; gills, in- 
stead of lungs; a heart precisely like that of the Fish; a 
horny beak for eating vegetable food, and a spiral intes- 
tine to digest it. As it matures, the hinder legs show 
themselves, then the front pair; the beak falls off; the 
tail and gills waste away ; lungs are created ; the diges- 
tive apparatus is changed to suit an animal diet ; the heart 
is altered to the Reptilian type by the addition of another 
auricle; in fact, skin, mnsclee, nerves, bones, and blood- 
vessels vanish, being absorbed atom by atom, and a new 
set is substituted. Moulting, or the periodical renewal of 
epidermal parts, as the shell of the Lobster, the skin of 
14 
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tlie Toad, the scales of Snakes, the featbei-s of Birds, and 
the hair of Mammals, may be termed a metamorphoBiB. 



1VUt\ 



The change from milk-teet]i to a permanent eet ie another 
example. 

Ad animal rises in organization as development ad- 
vances. Thus, a Caterpillar's life has notiiing nobler 
abont it than the ability to eat, while the Butterfly ex- 
pends the power garnered np by the larva in a gay and 
busy life. But there are seeming reversals of this law. 
Some mature animals appear lower in the scale than their 
young. The larval Cirripede has a pair of magnificent 
compound eyes and complex antennse; when adult, the 
antennse are gone, and the eyes are reduced to a single, 
simple, minute eye-spot. So the germs of the sedentary 
Sponge and Oyster are free and active. The adult ani- 
mal, however, is always superior in alone possessing the 
power of reproduction. Such a process is known as retro- 



There are certain larval forms so characteristic of the 
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great gronps of the animal kingdom as to demand notice. 
Most Worms leave the egg as a larva, called the trocho- 
sphere (Fig. 175), an oval larva, having mouth 
and anus, and a circle of cilia anterior to the 
mouth. This larval stage is common to Worms 
with the most diverse adult forms and habits. 
It is also found in all the great groups of Mol- ^ctoJphlre'of 
lusks. Clams, Snails, and Cuttle-fish all have worm(Phyi. 

, ... lodoc© ) : a, 

the stage represented in their history. The Mol- circle of cuia. 
lusks usually pass through a later stage called the veliger 

(Fig. 176), in which 
(V a circle of cilia ho- 

JB ;Mill^ mologous to that of 

the trochosphere is 
borne by a lobed 
expansion on the 
head, called the ve^ 

Pio. Ue.— Larval Gasteropoda: -4,5, Tn)chU8; CjTer- lum^ OV Sail. The 
gipes ; a, trochosphere ; «, velam ; B, veliger ; d, ^ i • i. 

mouth ; /, foot ; «, shell ; C, veliger ; d, foot ; c, tenia- CrUStaCCa, WniCh 

'^^'^^^^' exhibit so great a 

range of form in the adult state, all pass through a stage 
in which they are substantially alike. Forms as different 
in appearance as Barnacles, Entomostracans, and Prawns 
hatch out as Naupli% little oval animals, with a straight 
intestine, three pairs of legs, and a simple eye (Fig. 177). 
See Figs. 253, 254, 255, 256. Fig. 266 represents the 
Lobster, which does not hatch as a Nauplius, but is not 
very unlike the Prawn. These larval forms are of great 
interest, because they disclose the relationships of the 
adult forms, as the gastrula stage hints at the common 
relationships of all animals above Protozoa. 

2. Alternate Generation. 

Sometimes a metamorphosis extending over several 
generations is required to evolve the perfect animal ; " in 




COMPARATIVE ZOOLOGY. 



Fia. ITI.— Nanpllm of EDtomoWnuan (CafltAaBmiXui). See Fig. tW. ^.flntsn- 
BroDki, altar Husk.) 

other words, the parent may find no resemblance to bim- 
eelf in any of his progeny, nntil he comes down to the 
great-grandson." Thus, the Jelly-fish, or Medusa, lays 
eggs which are hatched into larvse resembling Infusoria — 
little transparent oval bodies covered with cilia, by which 
they swim about for a time till tJiey find a resting-place. 
One of them, for example, becoming fixed, develops rap- 
idly ; it elongates and spreads at the upper end ; a month 
is formed, opening into a digestive cavity ; and tentacles 
mnltiply till the mouth is surrounded by them. At this 
stage it resembles a Hydra, Then slight wrinkles appear 
along the body, which grow deeper and deeper, till the 
animal looks like "a pine-cone surmonntcd by a tuft of 
tentacles ;" and then like a pile of saucers (about a dozen 
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in number) with scalloped edges. Next, the pile breaks 
up into separate eegments, which are, in fact, so many dis- 
tinct animals ; and each turning over as it is set free, so 
as to bring the month below, develops into an adult Me- 
dusa, becoming more and more convex, and furnished 
with tentacles, circular canals, and other organs exactly 
like those of the progenitor that laid the original egg. 

Here we see a Medusa producing eggs which develop 
into stationary forms resembling Hydi-as. The Hydras 




then produce not only Medusae by budding in the manner 
described, but also other Hydras like themselves by bud- 
ding. Ail these intermediate forms are transient states 
of tlie Jelly-fish, but the metamorphoses cannot be said to 
occur in the same individual. While a Caterpillar becomes 
a Butterfly, this Hydra-like individual ^(?(^uces a number 
of Medusse, Alternate generation is, then, an alternation 
of asexual and sexual methods of reproduction, one or 
more generations produced from buds being followed by 
a single generation produced from eggs. Often, as in 
the fresh-water Hydra, the two kinds of generations are 
alike in appearance. The process is as wide-spread as 
asexual reproduction, being found mostly in Sponges, 
Ctelenterates, and Worms. It is also found in certain 
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Crustacea and Insects. The name is sometimes limited to 
cases where the two kinds of generations differ in form. 

3. Growth and Repair. 

Growth is increase of bulk, as Development is increase 
of structure. It occurs whenever the process of repair 
exceeds that of waste, or when new material is added 
faster than the tissues are destroyed. There is a specific 
limit of growth for all animals, although many of the low 
cold-blooded forms, as the Trout and Anaconda, seem to 
grow as long as they live. After the body has attained 
its maturity, i. ^., has fully developed, the tissues cease to 
grow ; and nutrition is concerned solely in supplying the 
constant waste, in order to preserve the size and shape of 
the organs. A child eats to grow and repair ; the adult 
eats only to repair."" Birds develop rapidly, and so spend 
most of their life full-fledged; while Insects generally. 
Fishes, Amphibians, Reptiles, and Mammals mature at 
a comparatively greater age. The perfect Insect rarely 
changes its size, and takes but little food ; eating and 
growing are almost confined to larval life. The crust of 
the Sea-urchin, which is never shed, grows by the addition 
of matter to the margins of the plates. The shell of the 
Oyster is enlarged by the deposition of new laminse, each 
extending beyond the other. At every enlargement, the 
interior is lined with a new nacreous layer; so that the 
number of such layers in the oldest part of the shell indi- 
cates the number of enlargements. When the shell has 
reached its full size, new layers are added to the inner 
surface only, which increases the thickness. It is the 
margin of the mantle which provides for the increase in 
length and breadth, while the thickness is derived from 
the whole surface. The edges of the concentric laminae 
are the " lines of growth." The Oyster is full-grown in 
about five years. The bones of Fishes and Reptiles are 
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continnallj growing; the long bones of higher animals 
increase in length so long as the ends (epiphyses) are sep- 
arate from the shaft. The limbs of Man, after birth, 
grow more rapidly than the trunk. 

The power of regenerating lost parts is greatest where 
the organization is lowest, and while the animal is in the 
young or larval state. It is really a process of budding. 
The upper part of the Hydra, if separated, will reproduce 
the rest of the body ; if the lower part is cut off, it will 
add the rest. Certain Worms may be cut into several 
pieces, and each part will regain what is needed to com- 
plete the mangled organism. The Star-fish can reproduce 
its arms; .the Holothurian, its stomach ; the Snail, its ten- 
tacles; the Lobster, its claws; the Spider, its legs; the 
Fish, its fins ; and the Lizard, its tail. Kature makes no 
mistake by putting on a leg where a tail belongs, or join- 
ing an immature limb to an adult animal."^ In Birds and 
Mammals, the power is limited to the reproduction of cer- 
tain tissues, as shown in the healing of wounds. Very 
rarely an entire human bone, removed by disease or sur- 
gery, has been restored. The nails and hair continne to 
grow in extreme old age. 

4. Likeness and Variation. 

It is a great law of reproduction that all animals tend 
to resemble their parents. A member of one class never 
produces a member of another class. The likeness is very 
accurate as to general structure and form. But it does 
not descend to every individual feature and trait. In 
other words, the tendency to repetition is qualified by a 
tendency to variation. Like produces like, but not ex- 
actly. The similarity never amounts to identity. So that 
we have two opposing tendencies — the hereditary ten- 
dency to copy the original stock, and a distinct tendency 
to deviate from it. 
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This is one of the most universal facts in nature. Ev- 
ery development ends in diversity. All know that no 
two individuals of a family, human or brute, are abso- 
lutely alike. There are always individual differences by 
which they can be distinguished. Evidently a parent 
does not project precisely the same line of influences upon 
each of its offspring. 

This variability makes possible an indefinite modifica- 
tion of the forms of life. For the variation extends to 
the whole being, even to every organ and mental char- 
acteristic as well as to form and color. It is very slight ^ 
from generation to generation ; but it can be accumulated 
Dy choosing from a large number of individuals those 
which possess any given variation in a marked degree, 
and breeding from these. Nature does this by the very 
gradual process of " natural selection ;" Man hastens it, so 
to speak, by selecting extreme varieties. Hence we have 
in our day remarkable specimens of Poultry, Cattle, and 
Dogs, differing widely from the wild races. 

Sometimes we notice that children resemble, not their 
parents, but their grandparents or remoter ancestors. This 
tendency to revert to an ancestral type is called atavism. 
Occasionally, stripes appear on the legs and shoulders of 
the Horse, in imitation of the aboriginal Horse, which was 
striped like the Zebra. Sheep have a tendency to revert 
to dark colors. 

The laws governing inheritance are unknown. No one 
can say why one peculiarity is transmitted from father to 
son, and not another ; or why it appears in one member 
of the family, and not in all. Among the many causes 
which tend to modify animals after birth are the quality 
and quantity of food, amount of temperature and light, 
pressure of the atmosphere, nature of the soil or water, 
habits of fellow-animals, etc. 

Occasionally animals occur, widely different in struct- 
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ure, having a very close external resemblance. Barnacles 
were long mistaken for MoUusks, Polyzoans for Polyps, 
and Lamprey-eels for Worms. Such forms are termed 
homomjorphic, 

__Member8 of one group often put on the outward ap- 
pearance of allied species in the same locality: this is 
called mimicry, " They appear like actors or masquerad- 
ers dressed up and painted for amusement, or like swin- 
dlers endeavoring to pass themselves oil for well-known 
and respectable members of society." Thus, certain But- 
terflies on the Amazons have such a strong odor that the 
Birds let them alone ; and Butterflies of another family 
in the same region have assumed for protection the same 
form and color of wing. So we have bee -like Moths, 
beetle-like Crickets, wasp-like Flies, and ant-like Spiders ; 
harmless and venomous Snakes copying each other, and 
Orioles departing from their usual gay coloring to imi- 
tate the plumage, flight, and voice of quite another style 
of Birds. The species which are imitated are much more 
abundant than those which mimic them. There is also a 
general harmony between the colors of an animal and 
those of its habitation. We have the white Polar Bear, 
the sand-colored Camel, and the dusky Twilight- moths. 
There are Birds and Eeptiles so tinted and mottled as ex- 
actly to match the rock, or ground, or bark of a tree they 
frequent; and there are Insects rightly named "Walking- 
sticks" and "Walking -leaves." These coincidences are 
not always accidental, but often intentional on the part of 
nature, for the benefit of the imitating species. Gener- 
ally, they wear the livery of those they live on, or ape 
the forms more favored than themselves. 

5. Homology^ Analogy^ and Correlation. 

The tendency to repetition in the development of ani- 
mals leads to some remarkable affinities. Parts or organs. 
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having a like origin and development, and therefore the 
same essential structure, whatever their form or function, 
are said to be ?iomologou8 ; while parts or organs corre- 
sponding in use are called anoLogpuB. By serial homol- 
ogy is meant the homology existing between successive 
parts of one animal. 

The following are examples of homology: the arms of 
Man, the fore -legs of a Horse, the paddles of a Whale, 
the wings of a Bird, the front flippers of a Turtle, and the 
pectoral fins of a Fish; the proboscis of a Moth, and the 
jaws of a Beetle ; the shell of a Snail, and both valves of 
a Clam. The wings of the Bird, Flying Squirrel, and Bat 
are hardly homologous, since the wing of the first is de- 
veloped from the fore-limb only ; that of the Squirrel is 
an extension of the skin between the fore and hind limbs ; 
while in the Bat the skin stretches between the fingers, 
and then down the side to the tail. Examples of serial 
homology: the arms and legs of Man; the upper and 
lower set of teeth ; the parts of the vertebral column, 
however modified; the scapular and pelvic arches; the 
humerus and femur; carpus and tarsus ; the right and left 
sides of most Animals ; the dorsal and anal fins of Fishes. 
The legs of a Lobster and Lizard, the wings of a Butter- 
fly and Bird, the gills of a FisK, and the lungs of other 
Vertebrates, are analogous. The air-bladder of a Fish is 
homologous with a lung, and analogous to the air-cham- 
bers of the Nautilus. 

In the midst of the great variety of form and structure 
in the animal world, a certain harmony reigns. Not only 
are diflEerent species so related as to suggest a descent 
from the same ancestor, but the parts of any one organ- 
ism are so closely connected and mutually dependent that 
the character of one must receive its stamp from the char- 
acter of all the rest. Thus, from a single tooth it may be 
inferred that the animal had a skeleton and spinal cord. 
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and that it was a carnivorous, hot-blooded Mammal. Cer- 
tain structures always co-exist. Animals with two occipi- 
tal condyles, and non - nucleated blood - corpuscles, suckle 




Fio. 181. 



Fig. 182. 



V. 



HOMOLOGIES OV LIMBS. 

Fio. 179.— Arm and Leg of Man, as they are when he gets down on all-fonrs. Fio. 
180.— Fore and Hind Legs of Tapir. Fio. 181.— Fore Leg of Seal and Hind Leg 
of Alligator. Fio. 182.— Wing of the Bat. S, scapula ; I, ilium, or shin-bone of 
pelvis ; H* hnmerns ; F, femur f O, olecranon, or tip of the elbow ; P, patella ; 
tJ, ulna ; T, tibia : R, radius ; Fi, Fibula ; Po, poUex, or thumb ; Ha, hallex, or 
great toe. Compare the fore and hind limbs of the same animal, and the fore 
or hind limbs of different animals. Note the directions of the homologous seg- 
ments. 
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their young, i. e., they are Mammals. All Eurainant 
hoofed beasts have horns and cloven -feet. If the hoofs 
are even, the horns are even, as in the Ox ; if odd, as in 
the Rhinoceros, the horns are odd, i. e., single, or two 
placed one behind the other. Recent creatures with feath- 
ers always have beaks. Pigeons with short beaks have 
small feet; and those with long beaks, large feet. The 
long limbs of the Hound are associated with a long head. 
A white spot in the forehead of a Horse generally goes 
with white feet. Hairless Dogs are deficient in teeth. 
Long wings usually accompany long tail-feathers. White 
Cats with blue eyes are usually deaf. A Sheep with nu- 
merous horns is likely to have long, coarse wool. Homol- 
ogous parts tend to vary in the saiiie manner ; if one is 
diseased, another is more likely to sympathize with it than 
one not homologous. This association of parts is called 
co7*relation of growth. 

6. Individuality, 

It seems at first sight very easy to define an individual 
animal. A single Fish, or Cow, or Snail, or Lobster is 
plainly an individual; and the half of one such animal is 
plainly not one. But when we consider animals in colo- 
nies, like Corals, it is not so easy to say whether the indi- 
vidual is the colony or the single Polyp. Is the tree the 
individual, or the bud 'i If we say the former — the colony 
— what shall we say to the free buds of a Hydroid colony, 
living independent lives, and scattered over square miles 
of oce^in? Are they parts of one individual? If we 
choose the latter as our standard, we are in equal difficul- 
ty; for we must then call an individual the bud of the 
Portuguese Man-of-war, reduced to a mere bladder or 
feeler, and incapable of leading an independent life. We 
thus find it necessary to distinguish at least two kinds 
of individuals — physiological individuals^ applying that 
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name to any animal form capable of leading an indepen- 
dent life ; and morpfu>logical individuals^ one of which is 
the total product of an egg. Such an individual may be 
a single physiological individual, as the Fish; or many 
united, as the Coral stock ; or many separate physiological 
individuals, as in the Hydroids or Plant-lice. The single 
members of such a compound morphological individual 
are called zooid^y or personce^ and are found wherever 
asexual reproduction takes place. 

7. Relations of Number ^ Size, JPhrm, and Hank, 

The Animal Kingdom has been likened to a pyramid, 
the species diminishing in number as they ascend in the 
scale of complexity. This is not strictly true. The num- 
ber of living species known is at least 300,000, of which 
more than nine tenths are Invertebrates. A late enumer- 
ation gives the following figures for the number of de- 
scribed species : 



Protozoa. 2,700 

Coelenterata 1,660 

Vermes 6,580 

Arthropoda 1 75,100 



Echinodermata 800 

Mollusca 20,210 

Vertebrata 25,200 



These figures are lower than those usually given. Of 
Vertebrates, Fishes are most abundant ; then follow Birds, 
Mammals, Reptiles, and Amphibians. There are usually 
said to be about 200,000 species of Insects. 

The largest species usually belong to the higher classes. 
The aquatic members of a group are generally larger than 
the terrestrial, the marine than the fresh-water, and the 
land than the aerial. The extremes of size are an Infu- 
sorium, iflooo of ^^ i^cb in diameter, the smallest animal 
ever measured, and the Whale, one hundred feet long, the 
largest animal ever created. The female is sometimes 
larger than the male, as of the Nautilus, Spider, and Eagle. 
The higher the class, the more uniform the size. Of all 
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groups of animals, Insects and Birds are the most con- 
stant in their dimensions. 

Every organism has its own special law of growth : a 
Fish and an Oyster, though born in the same locality, de- 
velop into very different forms. Yet a symmetry of plan 
underlies tho structure of all animals. In the embryo, 
this symmetry of the two ends, as well as the two sides, 
is nearly perfect; but it is subsequently interfered with 
to adapt the animal to its special conditions of life. It is 
a law that an animal grows equally in those directions in 
which the incident forces are equal. The Polyp, rooted 
to the rocks, is subjected to like conditions on all sides, 
and, therefore, it has no right and left, or fore and hind 
parts. The lower forms, generally, are more or less geo- 
metrical figures: spheroidal, as the Sea-urchin; radiate, 
as the Star -fish; and spiral, as many Foraminifers. The 
higher animals are subjected to a greater variety of con- 
ditions. Thus, a Fish, always going through the water 
head foremost, must show considerable difference between 
the head and the hinder end; or a Turtle, moving over 
the ground with the same surface always down, must have 
distinct dorsal and ventral sides. 

Nevertheless, there is a striking likeness between the 
two halves or any two organs situated on opposite sides 
of an axis. And, first, a bilateral symmetry is most com- 
mon. It is best exhibited by the Articulates and Yerte- 
brates, but nearly all animals can be clearly divided into 
right and left sides — in other words, they appear to be 
double. A vertical plane would divide into two equal 
parts our brain, spinal cord, vertebral column, organs of 
sight, hearing, and smell; our teeth, jaws, limbs, lungs, 
etc. In fact, the two halves of every egg are identical. 
There are many exceptions: the heart and liver of the 
higher Vertebrates are eccentric ; the nervous system of 
MoUusks is scattered; the hemispheres of the human 
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brain are sometimes unequal ; the corresponding bones in 
the right and left arms are not precisely the same length 
and weight ; the Narwhal has an immense tusk on the left 
side, with none to speak of on the other ; Eabbits have 
been born with one ear, and Stags with one horn; the 
Rattlesnake has but one lung ; both eyes of the Flounder 
and Halibut are on the same side; the claws of the Lob- 
ster differ; and the valves of the Oyster are unequal. 
But all these animals and their organs are perfectly sym- 
metrical in the embryo state. 

Again, animals exhibit a certain correspondence be- 
tween the fore and hind parts.*" Thus, the two ends of 
the Centipede repeat each other. Indeed, in sonie Worms, 
the eyes are developed in the last segment as well ad the 
first. So a Vertebrate may be considered not only as two 
individuals placed side by side, but also as two individu- 
als put end to end — the head and arms representing one, 
and the legs the other. In the embryo of Quadrupeds, 
the four limbs are closely alike. But in the adult, the 
fore and hind limbs differ more than the right and left 
limbs, because the functions are more dissimilar. An ex- 
treme want of symmetry is seen in Birds which combine 
aerial and land locomotion. 

There is also a tendency to a vertical synimetryy or 
up-and-down arrangement — the part above a horizontal 
plane being a reversed copy of the part below. A good 
example is the posterior half of a Cod, while the tail of a 
Shark shows the want of it. This symmetry decreases as 
we ascend the scale. In most animals there is consider- 
able difference between the dorsal and ventral surfaces ; 
and in all the nervous system is more symmetrically dis- 
posed than the digestive. 

Every animal is perfect in its kind and in its place. 
Yet we recognize a gradation of life. Some animals are 
manifestly superior to some others. But it is not so easy 
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to Bay precisely what shall guide ns in assorting living 
forms into high and low. Shall we make structure the 
criterion of rank? Plainly the simple Jelly-fish is be- 
neath complicated Man. An ounce of muscle is worth a 
pound of protoplasm, and a grain of nervous matter is of 
more account than a ton of flesh. The intricate and fin- 
ished build of the Horse elevates him immeasurably above 
the stupid Snail. The repetition of similar parts, as in the 
Worm, is a sign of low life. So also a prolonged posterior 
is a mark of inferiority, as the Lobsters are lower than the 
Crabs, Snakes than Lizards, Monkeys than Apes. The 
possession of a head distinct from the region behind 
it is a sign of power. And in proportion as the fore- 
limbs are used for head purposes, the animal ascends 
the scale : compare the Whale, Horse, Cat, Monkey, and 
Man. 

But shall the Fish, never rising above the " monotony 
of its daily swim," be allowed to outrank the skilful Bee? 
Shall the brainless, sightless, almost heartless Amphioxus, 
a Vertebrate,* be allowed to stand nearer to Man than the 
Ant? What is the possession of a backbone to intelli- 
gence ? No good reason can be given why we might not 
be just as intelligent beings if we carried, like the Insect, * 
our hearts in our backs and our spinal cords in our breasts. 
So far as its activity is concerned, the brain may be as ef- 
fective if spread out like a map as papked into its present 
shape. Even animals of the same type, as Vertebrates, 
cannot be ranked according to complexity. For while 
Mammals, on the whole, are superior to Birds, Birds to 
Reptiles, and Reptiles to Fishes, they are not so in every 
respect. Man himself is not altogether at the head of 
creation. We carry about in our bodies embryonic struct- 
ures. That structural aflSnity and vital dignity are not 
always parallel may be seen by comparing an Australian 
and an Englishman."' 
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Fanction is the test of worth. Not mere work, how- 
ever; for we must consider its quality and scope. An 
animal may be said to be more perfect in proportion as 
its relations to the external world are more varied, pre- 
cise, and fitting. Complexity of organization, variety, 
and amount of power are secondary to the degree in 
which the whole organism is adapted to the circumstances 
which sarround it, and to the work which it has to do. 
Ascent in the animal scale is not a passage from animals 
with simple organs to animals with complex organs, bat 
from simple individuals with organs of complex function 
to complex individuals with organs of simple function : 
the addition as we ascend being not function, but of parts 
to discharge those functions ; and the advantage gained, 
not another thing done, but the same thing done better. 
Advance in rank is exhibited, not by the possession of 
more life, (for some animalcules are ten times more lively 
than the busiest Man), but by the setting apart of more 
organs for special purposes. The higher the animal, the 
greater the number of parts combining to perform each 
function. The power is increased by this division of la- 
bor. The most important feature in this specialization is 
the tendency to concentrate the nervous energy towards 
the head {c^halisation). It increases as we pass from 
lower to higher animals. 

As a rule, fixed species are inferior to the free, water 
species to land species, fresh-water animals to marine, arc- 
tic forms to tropical, and the herbivorous to the carniv- 
orous. Precocity is a sign of inferiority: compare the 
chicks of the Hen and the Eobin, a Colt with a Kitten, 
the comparatively well - developed Caterpillar with the 
footless grub of the Bee. Among Invertebrates, the male 
is frequently inferior, not only in size, but also in grade 
of organization. Animals having a wide range as to cli- 

15 
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mate, attitude, or depth are commonlj inferior to those 
more restricted: Man is a notable exception. 

There is some relation between the dnration of life and 
the size, structure, and rank of animals. Vertebrates not 
only grow to a greater size, but also live longer than In- 
vertebrates. Whales and Elephants are the longest-lived; 
and Falcons, Ravens, Parrots and Geese, Alligators and 
Turtles, and Sharks and Pikes, are said to live a century. 
The life of Quadrupeds generally reaches its limit when 
the molar teeth are worn down : those of the Sheep last 
about IB years; of the Ox, 20; of the Horse, 40; of the 
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The total extinction of any one spe 
rare. The number of any given speci' 
by the number of eggs produced, but 
Aquatic birds outnumber the land 1 
food never fails, not because they are 
Fulmar-petrel lays but one egg, yet 
the most numerous bird in the world. 
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Facts are stupid things until brought into connection with some general 
law. — Agassiz. 

No man becomes a proficient in any science who does not transcend sys- 
tem, and gather up new truth for himself in the boundless field of research. 
— Dk. a. p. Pbabodt. 

Never ask a question if you can help it ; and never let a thing go un- 
known for the lack of asking a question if you can't help it. — Bbecheb. 

He is a thoroughly good naturalist who knows his own parish thoroughly. 
— Chables Kingslbt. 
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THE CLASSIFICATION OF A I 

The Kingdom of Nattire is a litera I 
and beauty, law and dependence, ar 
Amidst the great diversity of the foi 
unity; and this suggests that there ii i 
but carried out in a variety of ways. 

Naturalists have ceased to believe 1 ; 
group is a distinct, circumscribed ide 
has a something in common with all i 
with many of them; more with a fe 
much with several, that it differs but 
The object of classification is to brin^ 
and to separate the unlike. But how 
To arrange a library in alphabetical or< : 
size, binding, date, or language, would 
We must be guided by some internal cl ; 
decide whether a book is poetry or 
whether dramatic, epic, lyric, or satiric 
history, philosophy, theology, philolog i 
or essay. The more we subdivide thes i 
diflScult the analysis. 

A classification of animals, founded i 
blances — as size, color, or adaptation t<i 
life — would be worthless. It would br 
es and Whales, Birds and Bats, Worn: ; 
should it be based on any one charac ; 
of the blood, structure of the heart, d( 
brain, embryo-life, etc.; for no charactei 
in every tribe. A natural classification 
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prevaUmg cJiaracters which are the most constant"* And 
such a classification cannot be linear. It is impossible to 
arrange all animal forms from the Sponge to Man in a 
single line, like the steps of a ladder, according to rank. 
Nature passes in so many ways from one type to another, 
and so multiplied are the relations between animals, that 
one series is out of the question. There is a number of 
series, and series within series, sometimes proceeding in 
parallel lines, but more often divergent. The animals ar- 
range themselves in radiating groups, each group being 
connected, not with two groups merely, one above and the 
other below, but with several. Life has been likened to a 
great tree with countless branches spreading widely from 
a common trunk, and deriving their origin from a com- 
mon root; branches bearing all manner of flowers, every 
fashion of leaves, and all kinds of fruit, and these for 
every use. 

The groups into which we are able to cast the various 
forms of animal development are very unequal and dis- 
similar. We must remember that a genus, order, or class 
is not of equal value throughout the kingdom. Moreover, 
each division is allied to others in different degrees — the 
distance between any two being the measure of that affin- 
ity. The lines between some are sharp and clear, between 
others indefinite. Like the islands of an archipelago, some 
groups merge into one another through connecting reefs, 
others are sharply separated by unfathomable seas, yet all 
have one common basis. Links have been found reveal- 
ing a relationship, near or distant, even between animals 
whose forms are very unlike. There are Fishes (Dipnoi) 
with some Amphibian characters, and fish-like Amphibi- 
ans {AoDoloU). The Ichthyosaurus is a Lizard with fish- 
characteristics. Birds seem isolated, but they are closely 
connected with Reptiles by fossil forms* Even the great 
gap in the Animal Kingdom — that separating Vertebrates 
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and Invertebrates — is partially bridg 

by AmphioxuSj and on the other by tl 

We have, then, groups subordinate 1 

locking, but not representing so man; 

^ of organization. For, as already inti 

of structure does not rise in con tin u 
one group to another. Every type st« 
than that at which the preceding class 
lines overlap. While one class, as a w 
another, some members of the higher 
rior to some members of the lower < 
Star-fishes are nobler than certain !M^oI 
is above the Worm, and the Bee is mo 
lowest Fish. The groups coalesce by tl 
specialized members ; e. g.^ the Fishes d 
Amphibians through their highest form 

 closest together low down in the scale 

be the goal of creation ; but even wit 
series, every step of development, say o 
from the goal. The highest Fish is the 
Man. 

A number of animals may, therefo: 
grade of development, but conform to 
types. While a fundamental unity ur 
Animal Kingdom, suggesting a commoi 
recognize several distinct plans of stru 
like the Amoeba, with no cellular tissu 
form the subkingdom Protozoa. Anima 
with independent cells, one excurrent ar 
openings, form the subkingdom Spongk 
the Coral, unlike all others, have an alii 
no body -cavity, have no separate ner\ 
regions, and the parts of the body radia 
Such form a subkingdom called GosLem 
like the Star-fish, having also a radiating 
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alimentary canal, and a distinct symmetrical nervous sys- 
tem, constitute the subkingdom Echmodermata.^^* Ani- 
mals like the Angle-worm, bilaterally symmetrical, one- 
jointed, or composed of joints following each other from 
front to rear, with no jointed limbs, constitute the sub- 
kingdom Vermes, Animals like the Snail, with a soft, 
unjointed body, a mantle, a foot, a two or three cham- 
bered heart, and a nervous system in the form of a ring 
around the gullet, constitute the subkingdom JHfoUvsoa. 
Animals like the Bee, with a jointed body and jointed 
limbs, form the subkingdom Arthropoda. Animals like 
the Sea-squirts, sack or barrel shaped, with a mantle cav- 
ity penetrated by an excurrent and an incurrent opening, 
with heart and gills, form the subkingdom Tunicata. An- 
imals like the Ox, having a double nervous system, one 
(the sympathetic) lying on the upper side of the aliment- 
ary canal, the other and main part (spinal) lying along the 
back, and completely shut off from the other organs by a 
partition of bone or gristle, known as the " vertebral col- 
umn," and having limbs, never more than four, always on 
the side opposite the great nervous cord, constitute the 
subkingdom Vertebrata, 

Comparing these great divisions, we see that the Verte- 
brates differ from all the others chiefly in having a double 
body-cavity and a double nervous system, the latter lying 
above the alimentary canal ; while Invertebrates have one 
cavity and one nervous system, the latter being placed 
either below or around the alimentary canal. The Vermes 
are closely related to all the following subkingdoms of 
Invertebrates, most nearly to Mollusks and Tunicates, 
while the latter have aflSnities with the Vertebrates. The 
Echinoderms and Coelenterates are built on the common 
type of a star; but they differ from each other in the 
presence or absence of distinct alimentary, circulatory, 
and nervous systems. 
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The subkingdoms are grouped into two great Series, 
according to their histological structare and mode of de- 
velopment.*" 

These terms were invented by Linnseas, except Family, 
Subkingdom, and Series. To Linnaeas we are also in- 
debted for a scientific method of naming animals. Thus, 
a Dog, in Zoology, is called Ca/nisfamUia/ria^ which is the 
union of a generic and a specific name, corresponding to 
the surname and the Christian name in George Washing- 
ton, only the specific name comes last. It will be under- 
stood that these are abstract terms, expressing simply the 
relations of resemblance : there is no such thmg as genus 
or species. 

Classification is a process of comparison. He is the 
best naturalist who most readily and correctly recognizes 
likeness founded on structural characters. As it is easier 
to detect differences than resemblances, it is much easier 
to distinguish the class to which an animal belongs than 
the genus, and the genus than the species. In passing 
from species to classes, the characters of agreement be- 
come fewer and fewer, while the distinctions are more 
and more manifest; so that animals of the same class are 
more like than unlike, while members of distinct classes 
are more unlike than like. 

To illustrate the method of zoological analysis by search- 
ing for affinities and differences, we will take an example 
suggested by Professor Agassiz. Suppose we see together 
a Dog, a Cat, a Bear, a Horse, a Cow, and a Deer. The 
first feature which strikes us as common to any two of 
them is the horn in the Cow and the Deer. But how 
shall we associate either of the others with these? We 
examine the teeth, and find those of the Dog, the Cat, and 
the Bear sharp and cutting ; while those of the Cow, the 
Deer, and the Horse have flat surfaces, adapted to grind- 
ing and chewing, rather than to cutting and tearing. We 
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compare these features of their struct 
of these animals, and find that the firs 
that they seize and tear their prey; \ 
herbivorous, or grazing, animals, living 
substances, which they chew and gri 

I 

further, the Horse and Cow, and find i 
front teeth both in the upper and tt 
the Cow has them only in the low( : 
further, and comparing the internal ; 
features, we find this arrangement of i 
relation to the different structure of 1 • 
two animals — the Cow having a stomac 
es, while the Horse has a simple stoi : 
the Cow and Deer, we find the diges 
same in both; but though both have 1 i 
1 Cow are hollow, and last through life ; i 

J Deer are solid, and are shed every yea: 

feet, we see that the herbivorous anima < 
carnivorous, clawed. The Cow and ] ' 
feet, and are ruminants ; the Horse has i 
does not chew the cud. The Dog anc 
tips of their fingers and toes (digitigrad( ] 
on the palms and soles (plantigrade). 
Cat are retractile ; those of the Dog an( 
In this way we determine the exact : 
mal. The Dog belongs to the kingdoi : 
kingdom Vertebrata^ class Mammaiiay : 
family CanidcCj genus Canis, species JF \ 
Hound (it may be), and its individual i 
"Kover.'' The Cat differs in belongiii 
FeLidxBy genus Fdis. species Catus. The 
the family Ursidoe^ genus Uraus^ and  
the Grizzly is meant. The Horse, Cow, i 
to the order Ungulata ; but the Horse 
Equidce^ genus Equv^j species CoihaUus ; 
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the family Bovidcz^ genus Bos^ species Taurus ; the Deer 
is of the family Cervidce^ genus Cervus, species Virgini- 
anicsj if the common Deer is meant. 

The diagram on the opposite page roughly represents 
(for the relations of animals cannot be expressed on a 
plane surface) the relative positions of the subkingdoms 
and classes according to affinity and rank.^ 

SERIES I.— PROTOZOA. 

Animals without cellular tissues, and with no true eggs. 
The body which corresponds to the egg does not develop 
a blastoderm. 

Subkingdom. — Peotozoa. 

This division was proposed by Von Siebold in 1845, to 
contain that vast cloud of microscopic beings on the verge 
of the Animal Kingdom which could not be received into 
the other subkingdoms. It is artificial and provisional. 
The classes composing it are not founded on a common 
type, but are distinguished by the absence rather than the 
presence of positive characters. Many stand parallel to 
the Protophyta of the Vegetable World, and no definite 
line can be drawn between them. 

Protozoans agree in being minute, aquatic, and exceed- 
ingly simple in structure, their bodies consisting mainly 
or wholly of the contractile, gelatinous matter called pro- 
toplasm, or sarcode — the first homogeneous substance 
which has the power of controlling chemical and physical 
forces. They have no cellular organs or tissues, yet they 
, take and assimilate food, grow, and multiply, which are 



* The stadent should master the distinctions between the great groups, or 
classes, before proceeding to a minuter classification. '*The essential mat- 
ter, in the first place/^ says Huxley, *Ms to be quite clear about the different 
classes, and to have a distinct knowledge of all the sharply definable modifi- 
cations of animal structure which are discernible in the Animal Kingdom." 
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the essential signs of life. The usual methods of repro- 
duction are self-division and budding. 

The subkingdom may be divided into four classes : Mo- 
nera^ Oregarinida^ Bhizopoday and Infusoria, 

Class I. — Monera. 

These simplest living beings are organless 
bits of protoplasma, with no distinction of 
layers, round when at rest, and with pseu- 
dopodia when active. They are all aquatic, 
Fie.i88.-iVo- and some are parasitic. Such is Protamoeba, 

mttiva. rig. loo. 

Class II. — aregarinida. 

The GregarinsB, discovered by Dufour in 1828, are 
among the simplest animal forms of which we have any 
knowledge. They closely resemble a cell, or microscopic 
egg ; the only organ is a nucleus, suspended in extremely 
mobile granular matter ; and the most conspicuous signs 





Fig. 184.— (Tr^onna gigantea, highly magnified : a, naclena. 

of life are the contraction and lengthening of the worm- 
like body. They feed by absorption, and are all parasites, 
living in the alimentary canal of higher animals ; as in 
the Cockroach, Earth-worm, and Lobster. The name is 
derived from the fact that they occur in large numbers 
crowded together. 

Class III. — Rhizopoda. 

The Rhizopods are characterized by the power of throw- 
ing out at will delicate processes of their bodies, called 
psetcdopodia, or false feet, for prehension or locomotion. 



They poesees no cilia. The representa 
btB. Foramimfera. and Polvaugtina. 
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Clasb IV. — InAiso 

This unassorted group of living 

name from tlie fact that they were fii 

etable iDfusions. Every drop of ^ 

a stagnant pool is crowded with 
them. They are all single and 
microscopic, yet of various sizes, 
the difference between the emall- 
est and largest being greater than 
the difference between a Mouse y,^ 
and an Elephant. Some are fixed 
(as YorticeUa), but the majority are 1 
in motion, propelled by countless cilis 
oara. The delicate I 
layers of sarcode (th 
\ tissues, but the wholt 
 single cell), covered I 
skin, having one or i\ 
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SERIES n.— KETAZOA. 

The Metazoa inclade all those animals which reprodnce 
by true eggs and spermatozoa, whose germ develops a 
blastoderm, and which have cellular tissues. There are 
seven subkingdoms. 

Subkingdom I. — Spongeda. 

The position of the Sponges has been much disputed. 
At first they were thought to be on the border-line be- 
tween animals and plants, and were assigned by some to 
the animals and by others to the vegetables. Later, and 
up to very recent years, they were assigned to the Proto- 
zoa. The discovery of their mode of reproduction and 
development has determined that they belong to the 
Metazoa. 

The Sponges are formed of an aggregate of membrane- 
less amoeboid or ciliated cells. They usually have a skele- 
ton, which may be calcareous, horny, or siliceous. They 
have a central cavity, with numerous incurrent orifices 
and one excurrent opening. They reproduce by true 
eggs, as well as by budding and fission. 

The cells of the Sponge are relatively independent, 
whence they have been regarded as colonies of amoeboid 
animals, and by some naturalists are still so considered. 




Fig. 189.— Hypothetical Section of a Sponge: a,8nperflcial layer; b, inhalant pore^; 
c, ciliated chambers ; d, exhalant aperture, or oscalam ; e, deeper sabstance of 
the Sponge. 
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They develop, however, regularly from the e^, and the 
cells acquire their independence only at a late date in de- 
velopment Some of the cells gain cilia, or flagella, and 
drive the water through numerous channels into the cen- 
tral cavity, whence it ie discharged by one opening. Each 
cell of the Sponge feeds itself fi'om the particles con- 
tained in the water. 

The Sponge-individual consists of one eshalaut orifice, 
with the channels leading into it. An ordinary bathing- 



Via. ISO.— Honj; Skeletoo ufa Sponge^ 



sponge constitutes a colony of such individuals, which are 
not definitely marked off from each other. Other Sponges ' 
have only one osculnm, and such are a single individual. 

Some few Sponges have no skeleton. Kost liave one 
of horny fibres, strengthened with siliceous spicules. These 
last are absent in the commercial Sponges, and in them 
the horny fibres are mnch tougher than in most Sponges. 
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A few Sponges, as the Venus's Flower -basket {Eupleo- 
telM)^ have siliceous and others have calcareons skeletons. 
Excepting a few small fresh -water species (as Sporv- 
giUd)y Sponges are marine. In the former, the cellular 
part is greenish, containing chlorophyll ; in the latter, it 
is brown, red, or purple. In preparing the Sponge of 
commerce, this is rotted by exposure, and washed out. 
The best fishing-grounds are the eastern end of the Medi- 
terranean and around the Bahama Islands. 

Subkingdom II. — Ccelenterata. 

These radiate animals are distinguished by having a dis- 
tinct cavity, whose walls have, at least, two layers of cel- 
lular tissue, an outer {ectoderm) and inner {endodenn)^ and 
usually a middle layer {mesoderm). They have thread cells, 
minute sacs containing a fluid, and connected with barbed 
filaments capable of being thrown out for stinging pur- 
poses. Most are provided with hollow tentacles around 
the mouth. All are aquatic, and nearly all are marine. 
There are two classes, represented by the Hydra and Sea- 
anemone. Both reproduce by budding and by eggs. 

Class I. — Hydrozoa. 

These Coelenterates have no separate digestive sac, so 
that the body is a simple tube, or cavity, into which the 
mouth opens. The nervous system is slightly developed. 
Such are the fresh-water JTyrfra and the oceanic Jelly-fish 
{Acaleph or Medusa), 

The body of the Hydra is tubular, soft, and sensitive, 
of a greenish or reddish color, and seldom over half an 
inch long. It is found spontaneously attached by one 
end to submerged plants, while the free end contains the 
orifice, or mouth, crowned with tentacles, by which the 
creature feeds and creeps. The body-wall consists of two 
cellular layers — ectoderm and endoderm. These surround 



a central cavity with one 
opening. The animal 
may be compared to a 
bng with a two-layered 
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the opening. It buds, 
and also reproduces by 
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fringed with tentacles, faroished wi 
cells. The radiating parts are in 
Around the rim are minnte colored 
spots, the " eye  specks." In fine 
weather, these " sea - blubbers " are 
seen floating on the sea, month down- 
ward, moving abont by flapping their 
sides, like the opening and shutting 
of an umbrella, with great regular- 
ity. They are frequently phospho- 
rescent when disturbed. Some are 
qnite small, resembling little glass 
bells ; the common Aurdia is over a 
foot in diameter when full-grown ; , 
while the Cyanea, the giant among 
Jelly-fishes, sometimes measures eight 
feet in diameter, with tentacles one 
hundred feet long. When dried, nott 
film of membrane weighing only a few 
There are two representative types: 
the Umbrella-acaleph, having a short pe 
for atta 
dispose 
around 
eight p 
with th 
of the : 

Fra. 19T.— AuBsmorfa ouHniJa atUebed to s the fou 
piece of eea-weeSi naturnl bIzb. Theoueon .. 

the right la almonaul, haylug a Dlnth loft of mOUtU ; 

ttnucle.. gjgijt J.. 

and no membranous veil. The common 
Atlantic shore, generally found attached t 
inch in diameter, of a green color. Disct 
nary Jelly-fish, is free and oceanic. It i 
Lucernaria in its usually larger size and 
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radiating canals, which ramify and open into ft circnlar 
vessel, and a " veil," or shelf, always ranning aronnd the 
iDOuth of the disk.'" 

Clash II. — Antliozoa. 
These marine animals, which by their gay tentacles con- 
vert the bed of tlie oceao into a flower-garden, or by their 
secretions build up coral-islands, 
have a body like a cylindrical 
gelatinous bag. One end, the 
base, is usually attached ; the 
other has the month in the cen- 
tre, surrounded by nnmerosB 
hollow tentacles, which are cov- 
ered with nettling lasso -cells. 
This upper edge is tamed in so 

P.a.m-H,.rl«,„tulS«.lonorAc- "« *« *«•*■" « ^ ^'t"^'" * ^"^ 

itnu ihrongh the Biomsoii, >how- like thfl neck of a bottle turned 

log MpU lud cumpsrtroeaK. ... m,  . , . , 

ontsidein. The mner sac, which 

is the digestive cavity, does not reach the bottom, hot 
opens into the general body-cavity.'" The space between 
these two concentric 
tubes is divided by a 
series of vertical parti- 
tions, some of which 
extend from the body- 
wall to the digestive 
sac, but others fall 
short of it. Instead, 
therefore, of the radi- 
ating tubes of the Aca- 
leph, there are radiat- 
ing spaces. No mem- 
bers of this class are 

,, Fia. IW.— Actinia eipuided, seea from sbOTc, 

microscopic. All are tbnwitig montb. 



CCELENTERATA. 

long-lived compared with the Hydrozc 
years. One kept in aquaria in Englan 
sixty years old. 

1. Soft -bodied Polyps.— The best 
tive of this group' is the Actinia^ or 
leads a single life^ and is capable of 
Muscular fibres run around the bodj 
these at right angles. The tentacles, w 
over two hundred, and the partitions, v 
double, are in multiples of six. At nighi 
the tentacles are drawn in, and the apei 
so that the animal looks like a round> 
substance plastered on the rock. It fe 
MoUusks. It abounds on every shore, < 
ical seas. The size varies from one eigl 
foot in diameter. 

2. Coral Pol3rps. — The majority of 
a calcareous or horny framework callec 
few exceptions, they are fixed 
and composite, living in colonies 
formed by a continuous process 
of budding. Their structures take 
a variety of shapes : often dome- 
like, but often imitating shrub- 
bery and clusters of leaves. The 
members of a coral community 
are organically connected; each 
feeds himself, yet is not indepen- 
dent of the rest. We can speak 
of the individual Corals, a, J, o, 
but we must write them down 
abc. The compound mass is "like Fio. 200.- 
a living sheet of animal matter, ^^^"^^ 
fed and nourished by numerous mouthi 
stomachs." Life and death go on toj 
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Polyps dying below aa new ones are developed above. The 
living part of an Aetrcea is only half an inch thick. The 
growth of the branching Mad^epwe is abont three inches 
ft year. The prevailing color of the Coral Polyps is 
green ; and the nsiial size varies from tliat of a pin's head 
to half an inch, but the Mushroom-coral (which is a single 
individnal) may be a foot in diameter. 

Corals are of two kinds: those deposited within the tis- 
sues of the animal (sderodermic), and those seci-eted by 
the ooter sorface at the foot of the Polyp {sderobasic). 
The Polyps producing the former are Actinoid, resem- 
bUng the Actinia in stiiicture.'" The skeleton of a single 
Polyp (called coraUite, Fig, 95) is a copy of the animal, 
except the stomach and tentacles, the earthy matter being 
secreted within the enter wall and between each pair of 
partitions. So that a corallite is a short tnbe with vertical 
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0, llvlug and ezpnndedi i 
whose mean temperature in the coldes 
68° Fahr., nor at greater depth than twei 
lAost luxnriant reefs are in the Central 
cific and aronnd the West Indies. 



PlO.»».— CteBclf«»«, 
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Fia.!Oe.— Jtrnrapatllda,- natunlBlia. F^ee lulaiida. 

A coral-reef ia formed by many Corals growing togetli- 
ir. It 18 to the single Coral-stock as a forest is to a tree. 



Fia. SOi.—Di}ili>ria eeriMfoTmii, ot " Bralo-corsl ;" one half nsloral size 
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The maiD kinds of reefs are fringing 
close to the shore ; harrier, where the 



!■ called cBlicle. 
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tween reef and shore ; encirolitiff, where there is a small 
iBland inside of a large reef ; and coral ialande, or atoUs, 
where there is siniplj a reef with no land inside of it. All 
reefs begin as fringing-reefe, and are graduall; changed 
into the other forms by the slow sinking of the hottom ol 
the ocean. This sinking must be slower than the upward 
growth of the reef, else it will be drowned out. Probably 
the reef does not grow more than five feet in a thousand 
years; and, as reefs are often more than two thousand 
feet thick, they must be very old. 

(21 Solerobaslo Corals. — CoraUiuTih rvhrum, the precious 
coral of commerce, is shrub-like, about a foot high, solid 
thronghout, taking a high polish, finely grooved on the 
surface, and of a crimson or rose-red color. In the living 



Fib. MS.— Sea-tan {Oorgmia) aud Sea.psu (femtalula), 

state the branches are covered with a red ccenosarc stud- 
ded with Polyps. Gorgonia, or "Sea-fan," differs from 
all the other representative forms in having a horny axis 
covered with calcareous spicules. The brandies arise in 
the same vertical plane, and unite into a beautiful net- 
work. 



ECHINODERMATA. 

ClA8B III. — Ctsnophora. 
The CteTtophora (as the Pleuro- 
Jyriickia, Cestum, and Seroe) eecrete 
110 bard depoBit. They are trans- 
parent and gelatinous, swimming on 
the ocean by means of eight comb- 
like, ciliated bands, which work like / 
paddles. The body is not contrac- y 
tile, as in the Jelly-fishes. They are u 
considered the highest of Coelente- H 
i-ates, having a complex nntritive ap-Fia, 
paratuB and a definite nervous sys- m 
tern. 

Subkingdom III. — Echinod: 

The Eehinodenns, as Star-fishes and 
distingnished by the possession of a dis 
tern (a ring around the month) ; an alim 



pletely shnt off from the body-cavity, a 
oral and anal apertures; a water-vascular ; 
17 



258 COMPABATIVE ZOOLOGY. 

lar and radiating canals, connected with the outside water 
by means of the inadreporic tubercle, and a symmetrical 
arrangement of all the parts of the body around a central 
axis in multiples of five."* There are four principal class* 
es, all exclusively marine and solitary, and all having the 
power of secreting more or less calcareous matter. 

Class I. — Orinoidea. 

The Crinoids,-or " Sea-lilies," are fixed to the sea-bottom 
by means of a hollow, jointed, flexible stem. On the top 
of the stem is the body proper, resembling a bud or ex- 
panded flower, containing the digestive apparatus, with 
the surrounding arms, or tentacles. The mouth looks up- 
ward. There is a complete skeleton for strength and sup- 
port, the entire animal — body, arms, and stem — consisting 
of thousands of stellate pieces connected together by liv- 
ing matter. Crinoids were very abundant in the old geo- 
ologic seas, and many limestone strata were formed out of 
their remains. They are now nearly extinct: dredging 
in the deep parts of the oceans has brought to light a few 
living representatives. 

Class II. — Asteroidea. 

Ordinary Star-fishes consist of a flat central disk, with 
five or more arms, or lobes, radiating from it, and con- 
taining branches of the viscera. The skeleton is leathery, 
hardened by small calcareous plates (twelve thousand by 
calculation), but somewhat flexible. The mouth is below ; 
and the rays are furrowed underneath, and pierced with 
numerous holes, through which pass the sucker-like tenta- 
cles — the organs of locomotion and prehension. The red 
spots at the ends of the rays are eyes. The usual color of 
Star-fishes is yellow, orange, or red. They abound on ev- 
ery shore, and are often seen at low tide half buried in 
the sand, or slowly gliding over the rocks. Cold fresh 
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water is instant death to them. They liare the power of 
i-eprodocing lost parts to a high degree. Thej are very 
voracious, and are the worst enemies of the Oyster. 



Abont one hundred and fifty Bpecies are known. These 
may be divided into three groups; (1) species having four 
rows of feet, represented by tlie common five -fingered 
,' Asterias; (2) species having two rows of feet, as the many- 
myed Solaster, or "Sun-star," and the pentagonal Goni- 
aster; (3) species having long, slender arms, wliich are not 
prolongations of the body, and are not provided witli suck- 
ers, as the Ophiura, or " Brittle-star," and. Astropkyton, or 
" Basket-fish." The last are of inferior rank, and resemble 



ECUIN0DEKMAT4- 

inverted, steinlees Crinoide. The digest 
to the disk, and the madreporic tubercle 



Fia.SIS.'Oi>Urxwiiia JttUMf.in OphiDran; DitnTil I : 

Class III. — Eotunoldea. 
The Sea-nrchin is encaeed in a thin, 
ered with spineE, and varying in shape f: : 
disk."* The month is underneath, and 
apparatus more complicated than that oi 
nre. It leads to a digestive tube, which 
to the snmmit of the body. The Bpinet 
ing and locomotion, and are moved by en 
being articulated by ball-and-socket Joinl 
berele. Wlien stripped of its spines, the 
is seen to be formed of a nitiltitude of p : 
fitted together like a mosaic."* Five doul ; 
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passing from pole to pole, like the ribs of a melon, alter- 
nate with five other doable rows. Id one set, called the 
ambulacra, the 
plates are perfo- 
rated for the pro- 
trusion of tubular 
feet, or enckers, as 
in the Star- fish. 
So that altogether 
there are twenty 
series of plates — 
ten ambnlacral, 
andteninterambu- 
lacral. The shell 
is not cast, but 
grows by the en- 

FiB. SJt — Unaer-enrrace of b Sea-nrchin (Eehtnut tteiu " '' 

fentiM), Bbonlug ruwa of (nckera amoug the epiuei-. larE'ement of Cach 

individual plate, 
and the addition of new ones around the mouth and the 
opposite pole. Every part of an Echinus, even sections 
of the spines, show tlie principle of radiation. If the up- 
per surface of a Star-lisb should shrink bo as to bring 
the points of the arms to meet above the mouth, we 
should have a close imitation of a Sea-urchin. Echini live 
near the shore, in rocky holes or under sea-weed. They 
are less active than Star-fishes ; but, like them, feed on 
MoUusks and Crabs. They reproduce by minnte red eggs. 
Regular Echini, as the common Cidtm^, are nearly 
globular, and the oral and anal openings are opposite. 
Irregtdar Echini, as the Clypeaster, are flat, and the anal 
orifice is near the margin. 

Class TV. — Holotburoidea. 

These worm-like " Sea-sings," as they are called, have s 

soft, elongated body, with a tough, contractile skin contain- 
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ing calcareous grannleB. One end, th 
terminated, and has a simple apertnr 
circled with feathery tentacles. The 
longitadinal rows of arabnlacral Buck< 
are used for locomotion, of which one 
than the rest. The mouth opens into 
to a long intestinal canal. Holothurian 
power of ejecting most of their interni 



Fm. SIB.— aeu-BlUjjs IJ/olMAui u 

for some time the loss of these essenti 
wards reprodncing them. They oecn 
coast, especially in tropical waters, whe 
attain the length of three or fonr feet. 
beach after a storm, or when the tic 
leathery himps, of a reddish, brownish, i 
They may be likened to a Sea-urchin 
and long drawn oat, with the axis hoi 
vertical. 

Subkingdom IV. — Veb 

The Vermes,'" or Worms, form the I 

of the bilaterally symmetrical animah 

cliidee animals very different in form ; 

different classes are widely separated 
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It has also close relations with the other sabkingdoms of 
the bilaterally symmetrical animals. Through the Poly- 
zoa and Brachiopoda, it approaches the Mollasca ; through 
the Annelides, the Arthropoda ; and through other forms, 
the Tunicata, and so the Vertebrata. The subkingdom 
thus stands in the centre of several sabkingdoms, with 
aflBnities towards all. Nor are indications of connection 
with Ccelenterata and Echinodermata wanting. 

The Vermes are bilaterally symmetrical animals, with one 
or many segments, no jointed legs. They usually have a soft 
skin, and peculiar excretory organs — the segmental organs. 

Many of the Worms are parasitic, and most of the En- 
doparasites belong to this group. 

There are numerous classes, of which only the most im- 
portant are mentioned. 



Class I.- 




Platyhelminthes. 

The Flat -worms 
include some free 
forms, as the Plana- 
ria, common in fresh 
water, and the Tape- 
worms and Flukes 
among the parasites. 

The Tape -worm 
consists of the so- 
called head — the 
proper worm — and 
the body segments, 




Fie. 216.— Tape-worm (IVsnta aolium)t a, bea^; &,«, 
d, BegmentB of the body. 



Fig. 217.— Plaoarlan 
worm. 



wliicli are really reproductive joiots. 
the egg in the digestive canal of the 
the cellular tissue of the animal, and 
cased. It thus cauBCB the disease " meai 
be eaten by man, in an uncooked con« 
dissolved by the gastric jniee, and the 
into the Tape-worm, attaching itself ti 
its "head," and budding off the repro 
As these become ripe and filled with fe 
are detached, and pass ofE with the excn 
The disease called "rot," in Sheep, i 
Fhike {Dietoma), a member of this clast 

Class II. — Nematelmintli 
The Round, or Thread, Worms incln 

the Vinegar-eel; parasitic forms, aa tl 

Trichina ; and forms "- " 

free when adult, and 

parasitic when young, 

as the Hair-worm {Oor- 

diua). 

The Trichina is usu- 
ally derived by Man 

from the flesh of the 

Pig. It exists in the 

muscles, enclosed in mi- 
croscopic cases. If the 

meat be eaten uncooked 

or partially cooked, the 

cases are dissolved, and 

the Trichinae become 

sexually mature in the 

intestines. The young 

are produced and hur~^a.iiB.~TnehiHaipir, 

,1 - .... *i Imeetlne ; II, CHpBule 

row their way into the d«,miiciieuiDrged. 
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musoleB, where they become encysted. In burrowing, they- 
canee great pain and fever, and eometiiueB death. The 
sdnlt Worm is about -^ inch long. 

Class III, — Rotifera. 
The Wheel-animalcules, mostly found in fresh water, 
are minute Worms of few segments, having on the ante- 
rior end a disk ciliated on the edge, 
whence their name. They are from 
iJir to ^ of an inch long. They can 
bear drying and revivifying, like seeds. 

Class IV. — Poiyzoa, 

These minute Worms resemble the 

Polyps in appearance, living in clusters, 

each individual inhabiting a delicate 

cell, or tube, and having a simple mouth 

surrounded with ciliated tentacles. The 

colony often takes a plant -Hke form; 

sometimes spreads, like fairy - chains or 

lace-work, over other bodies ; or covers 

rocks and sea-weeds in patches with a 

delicate film. Tiie majority secrete car- 

Fia. 219. — Hotiter, or bouate of lime. A Polyzoan shows its su- 

(HjrfoifBo), "wghij periority to the Coral, which it imitates, 

'"'*'' *  in possessing a distinct alimentary canal 

and a well-deBned nervous system. The cells of a group 

never have connection with a common tube, as in CiBleH- 

terates. There are both marine and fresh-water species. 

This group and the next following are related to the 
Mollnsca. 

Class Y. — Braohiopoda. 

These Worms have a bivalve shell, the valves being 
applied to the dorsal and ventral sides of the body. The 
valves are unequal, the ventral being usually larger, and 



Pis. KM— Puljio. 



more convex; but they are symmetii 
line let fall from the hinge divides 
equal parts. Tlie ventral valve has> i 
ity, a prominent beak, perforated by s 
through which a fleshy foot protrudes 
mal to Bubmaritie rocks. The valves ai 
by means of muscles, and in 
most cases they are hinged, 
having teeth and sockets 




I 



near the beak. The mouth 

faces the middle of the mar- ^'^j^-^^ '. 
ein opposite the beak: and order, csrdim i 
on either side of it is a long, inEtbediiau 
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fringed " arm," generally coiled np, and enpported by a 
calcareouB framework. The animal, having no gills, re- 
spires by the arms and the mantle. Bracliiopods were 
once very abundant, over two thouaand extinct species 
liaving been descnbed ; but lees than a hundred species 
are now living.'" Tliey are all uiarine, and fixed ; but of 
all Worms, 
depth. 

The Ann* 
Worms. T 
for locomoti 



Fia. an.— Uu 
of ganglia, i 
main divisic 
segments or 
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Earth- worms- and their allies, which 1 
each segment {piigochastcB) ; and the I 
meroiis bristles, arranged in two clust 
each segment {Polychmtoi). 

These last are the largest of the W 
a distinct head, bearing tentacles and < 
gus is often turned in, so as to form 
bears horny jaws, and can be protrude 
animal (Fig. 17). 

Subkingdom V. — Moli 

A MoUusk is a soft -bodied anims 
skeleton, and without joints, covered ^ 
tive, contractile skin, which, like a xn\ 
ops the creature. In some cases the 
generally it is protected by a calcareo 
The length of the body is less in pro 
than in other animals. The lower cl 
head. The nervous system consists c 
oped pairs of ganglia, which are princ 
around the entrance to the alimentar 
ring around the throat. The other g; 
cases, scattered irregularly through the 
the body is unsymraetrical. The d 
greatly developed, especially the liver, 
animals. Except in the Cephalopods, 
tached to the skin, or shell. There 
chambers (auricle and ventricle) or t 
and ventricle). As in all Invertebrate 
rial. In Mollusks, with rare exception 
tition of parts along the antero-posteri 
best regarded as Worms of few segmen 
together and much developed. The 
living species probably exceeds twent 
great majority are water-breathers, and 
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flaviatile or lacDstrine, and a few are terrestrial air-breath- 
ers. AH bivalves, and nearly all uoivalves, are aquatic. 
Kacb zone of depth in the sea has its particular speciee. 

Glass I. — L&melllbraaohiata. 
Lamellibranchs are all ordinary bivalves, as the Oyster 
and Clam. The shells differ from those of Bracbiopoda 
in being placed on the right and left 
sides of the body, so that the hinge is on 
the back of the animal, and in being 
uneq^nilateral and eqnivalved.'" Tlie 
umbo, or-beak, is the point from vhich 
the growth of the valve commences. 
PiB. M4.— i-airi ojBier Botli Bracliiopods and Lamellibranchs 
/era); ons roarib DM- are headless; but in the latter the month 
nniBiu. cajion. pojnts the Same way as the umbo, i. «., 
towards the anterior part. The length of the shell is 
measured from its anterior to its posterior margin, and its 
breadth from the dorsal side, where the 
hinge is, to the opposite, or ventral, edge. 
The valves are united to the animal by 
one innsele (as in the Oyster), or two (as 
in the Clam), and to each other by a 
hinge. In some species, as some fresh- 
water Mussels, the hinge is simply an 
elastic ligament, passing on the outside 
from one valve to the other just behind 
the beak, so that it is on the stretch when 
the valves are closed, and another placed Fio. a!6.-s»u-witer 
between the edges of the valves, so that luctdm). AUutio 
ic is sq^ueezed as they shut, like the spring *"""• 
in a wateh-case. Such bivalves are said to be edentulous. 
But in the majority, as the Clam, the valves also articulate 
by interlocking parts called teeth. The valves are, there- 
fore, opened by the ligaments, and closed by the muscles. 




Tlie intirgin of the shell on which the 

are situated is termed the kinge-line. 

Lamellibranchs breathe by four plat 
the name), two on each side iinderneal 
78). In the higher forms, the mantli 
two tnbee, or siphons, for the inhalatioi 
water. They feed on infusorial particl 
water. A few are fixed ; the Oyster, e. 



Fia. SH.— Liimelllbiuicli (Mictni): a, Taut; 

on its left valve, and the Salt-water '- 
the rocks by a cord of threads called " 
have a " foot," by which they creep t 
Oystei', also, the majoi'ity live in an ( 
ing on the edges of their shells. O 
living species are known. These an 
marine, and range from the shore to i 
sand feet. 

The chief characters for distingnislii 
are the mnscular impressions,'" whethe 
presence of a pallial sinus, which indie 
of siphons ; the strncture of the hinge, 
of the valves. 

The following are the leading typi 
shown by the shells : 

1. Monomya: with one adductor mv 
foot wanting, or very small; shell unet^ 
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tiiloHS — as the Oyster (Ottrea), Scallop (Peoten), and Pearl 

Oyster (Avicula). 

2, Het&romya: with two unequal adductor rauscles and 
no Biphons — as tlie Sea-musBel {My- 
tUua). 

3. Isomya: with two eqnal ad- 
ductor muscles. Tiiere are two sec- 
tions of this order: a. Those with 
no siphons, and hence no pallial 
sinne — as the Fresh-water Mussel 
( Unio), Cockle {Cardium), and " the 

.■lie. China Mu. j^e). &. Those with siphons and pal- 

lial sinus — as the common Clain {Mya), Quohog ( Venus), 
and Razor-shell { 



Class II. — Gasteropoda, 

The Snails are, with rare exceptions, all univalves.'" 

The body is coiled np in a conical shell, which is usually 



Fio. aas.— Whelk (fluseinum), showing opercolon 



Spiral, the whorls passing obliquely (and generally from 
riglit to left),'" around a central axis, or "columella." 
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When the columella is hollow (perfoi 
called the "umbilicus." When the \ 
around the axis in the same plane, we 
shell, as the Planorhis. The mouth, < 
the shell is " entire " in most vegetable-f < 
notched or produced into a canal for tl 
carnivorous species. The former are g 
fresh-water forms, and the latter all i. 
Gasteropods, as the Kiver- snails and i 
horny or calcareous plate (^operculum) i 
foot, which closes the aperture when 
draws into its shell. In locomotion, th 
with the apex directed backward. 

The body of most Gasteropods is ui 
organs not being in pairs, but single, i 
instead of central. The mantle is conti 
body, not bilobed, as in Lamellibranchs 
common Garden-snail, have a lung ; but 
breathe by gills. The head is more or 
provided with two tentacles, with audit 
bases ; two eyes, which are often on sta 
like tongue covered with minute teeth, 
uated, in the majority, on the right side 
has two cavities. The nervous ganglia a 
oesophageal ring or collar. All, excep 
move by means of a ventral disk or foot. 

Gasteropods are now the reigning Mol 
three fourths of all the living species, a 
of the subkingdom. They have an ext 
in latitude, altitude, and depth. 

Omitting a few rare and aberrant fori 
rate the class into the following orders : 

1. Pteropods. — These are small, mari 
lusks, whose main organs of motion rei 
wings or fins coming out of the neck, 

18 
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mon name, " Sea - batterflies." Many have a delicate, 
transparent Bhell. The head has six appendages, armed 

with several hundred thousand micro- 
' scopic suckers — a prehensile apparatus 

nneqaalled in complication. Pteropods 

occur in every latitude, but generally 
1 mid-ocean, and in the arctic regions 

are the food of Whales and Sea-birds. 
2. Opisthobrancha. — These low Gae- 

teropods are, for the most part, naked 
Sea-slugs, a few only having a small shell. The feathery 
gills are behind the heart (whence the name). They are 
found in all seas, from the arctic to the torrid, generally 
on rocky coasts. When disturbed, 
most of them draw themselves up 
into a lump of jelly or tough skin. 





Fie. iSl BuOa otntml- 

Ia,ar " Babble-sbeJh" 
thr«e fonrtlis nuaral 
Blie. ludlBn OCMD 

Examples : Sea-lemon (Doris), the beautiful Tritonia, the 
painted ^olie, the Sea-hare {Aplysia), which discbarges 
a purple fluid, and the Bubble-shell {BuUa). 

3. PiihnoncUea. — These air-breathing Gasteropods, rep- 
resented by the familiar Snail, have the simplest form of 
lung — a cavity lined with a delicate net-work of blood- 
vessels, which opens externally on the right side of the 
neck. This is the mantle-cavity. The entrance is closed 
by a valve, to shut out the water in the aquatic tribes, 
and the hot, dry air of summer days in the land species. 
They are all fond of moisture, and are more or less slimy. 
Their shells are lighter (being thinner, and containing less 
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eartliy matter) than those of marine 
be carried on the back without the 8i 



Their eggs are laid singly, while the e; 
are laid in chaiaE. 

They are found in all zones, but are 
most nuinerons where lime and moisture 
abonnd. All feed on vegetable matter. 
A few are naked, as the Sing ; some are 
terrestrial; others live in fresh water. 
The Land - snails, represented by the 
common Helix, the gigantic Sulimua, 
and the Slug {Limaa), are distinguished 
by their four " horns," the short front 
pair being the true tentacles, and the 
long hinder pair being the eye-stnmps. 
They have a saw-like upper Jaw for 
biting leaves, and a short tongne cove 
teeth. The Pond-snails, as Limnwa and 
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SSa. —Spindle- PiQ. saT. — CoMii rvfii, or Fio. 2B8.— Anger-shell 

ill (rWtM coliu) 1 "Helmet-ehelh" one fonrtb (Tenbra nuculoCa): 

) buH natural oRlaral elie. ludbu Oceau, one half natnral 

s. CejUm. bIm. China Ma* 



.— Caae-shell (CVmua 



'IB. S41.— V<i]at<(roIii(a 
■mvHiea}; one ha^f nat- 
nralelu. WeitlDdiea. 



Pea. MS. — Tnp-Bhell (Turbo m 
rrUtH)j one fourth uatniul 
OUuBeut. 



uuE-wDeuc ina 
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in having no eje-stalks, the ejes being at the base of the 
tentacles. They are obliged to come frequently to the 
surface of the water to breathe. 

4. Prasdbrancha. — These are aquatic Ghtsteropods, 
breathing by gills situated in front of the heart. They 
are the most highly organized and the most abundant of 
the crawling Mollusks. Nearly all are marine, and all 
have a shell. 

Among the lower forms are the singular Chiton^ cov- 
ered with eight shelly plates; Limpet {Patella), well 
known to every sea-side visitor; and the beautiful Ear- 
shell {Haliotis), frequently used for ornaments and inlaid- 
work. 

In the higher Prosobranchs, the gills are comb-shaped 
and the sexes are distinct. The group includes all the 
spiral univalve sea-shells, and a few fresh- water shells. 
Many have the aperture entire, which is closed with an 
operculum: as the dull -colored Paltidina and Mdania 
from fresh water, and the pyramidal Trochua, pearly Tur- 
ho, screw-like Turritdla, common Periwinkle {Littorma), 
and globular Natica from the sea. Others, the highest 
of the race, have the margin of the aperture notched or 
produced into a canal, and are carnivorous and marine : 
such are nearly all the sea -shells remarkable for their 
beautiful forms, enamelled surfaces, and brilliant tints, as 
the Cowry {Cyprcea), Volute, Olive, Cone, Harp, Whelk 
{Bucdnum), Cameo -shell (Cassis), Rock -shell {Murex), 
Trumpet-shell {Tritmi), Spindle-shell {Fusils), and Wing- 
shell {Strombus). 

Class III. — Cephalopoda. 

The Cephalopods stand at the head of the subkingdom. 
The head is set off from the body by a slight constriction, 
and furnished with a pair of large, staring eyes, a mouth 
armed with a rasping tongue and a parrot-like beak, and 
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eight or more tentaclee or arms. Tht 
cal, aod wrapped in a maBcnlar mantle 

The nerTous system is more concen' 
Invertebrates ; the cerebral ganglia ar 
a cartilaginous cranium. All the fire 
The class is entirely marine (breathing 
on the aides of the body), and carniv 
species are found in every sea. Tho 
shells (as JfatitUua, Amfnonitea, and (h 
very abundant: more than two thonsai 
known, bnt only one living represent 
Xaatilus. 

1. Tetrahrcmoha. — This order is el 
poasessioQ of four gills, forty or more 
an external, chambered shell. The pai 
the shell are united by a tube called " i 



Fio. UT.— i'un]' NtDUiiu, wiUi lb 



animal lives in the last and largest cha 
ing Nautilus has a smooth, pearly shel 
within the mantle or "hood," and cah 
well fitted-for masticating Grabs, on wh 
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straggler of a mighty race dwells id the deep pai'ts of the 
Indian Ocean, crawliug on the bottom ; and, while the 
shell is well known, only a few specimens of the animal 
have ever been obtained. 

2. Dihrancha. — These are the moat active of Mollusks, 
and the tyrants of the lower tribes. Among them are 
the largest of invertebrate animals. They are naked, hav- 
ing no external shell covering the body, but nsually a 
horny or calcareous part within. They have a distinct 
head, prominent eyes, horny 
mandibles, eight or ten arms 
furnished with suckers, two 
gills, a complete tubular fun- 
nel, and an ink-bag contain- 
ing a peculiar fluid (sepia), of 
intense blackness, with which 
the water is darkened to fa- 
cilitate escape. They have 
the power of changing color, 
like the Chameleon. They 
crawl with their arms on 
the bottom of the sea, head 
downward, and also swim 
backward or forward, usual- 
ly with the back downward, 
by means of fins, or squirt 
themselves backward by forc- 
ing water forward through 

Fia. 948.— Ontlle-flah {Sepia efieinalii) : their breathing f UnUels. 
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those of the Ai^onaut and Poulpe are 
eo mach used for bait by cod-fieherm 
homy "pen," and the Cuttle has a 
" bone." The extinct Bdeirmite had t 



Flo. 319.—. -K°. 



Squid have been fonnd with a body sei ; 
twenty-four feet long, and parts of otbi : 
much as fifty feet in total length. 

SubMngdom VI. — Abthk< i 
This is larger than all the other sub : 
gather, as it includes the animals with 
as Crabs and Insects. These differ wid : 
Inscan type in having numerous segmt [ 
ing a repetition of similar parts; and I 
in having a de6nite number of segm: 



The skeleton is ontside, and consists • 
ments or rings. The limbs, when pi-e . 
jointed and hollow. The jaws move f: 
The nervous system consists mainly of : 
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ganglia mnning along the ventral sarface of the body 
under the alimentary canal. The brain is in the form of 
a ring encircling the gullet. The alimentary canal and 
the circulatory apparatus are nearly straight tubes lying 
lengthwise — the one through the centre, and the other 
along the back. The skeleton is composed of a horny 
substance (chitine), or of this substance with carbonate of 
lime. All the muscles are striated. 

There are four classes, of which the first is water-breath- 
ing, and the others air-breathing. 

Class I. — Omstaoea. 

The Crustacea"* are water-breathing Arthropoda, usu- 
ally with two pairs of antennae."* Among them are the 
largest, strongest, and most voracious of the subkingdom, 
armed with powerful claws and a hard cuirass bristling 
with spines. Although constructed on a common type, 
Crustaceans exhibit a wonderful diversity of external 
form : contrast, for example, a Barnacle and a Crab. We 
will select the Lobster as illustrative of the entire group. 

A typical Crustacean consists of twenty-one segments, 
of which seven belong to the head, seven to the thorax, 
and seven to the abdomen."' In the Lobster, however, 
as in all the higher forms, the joints of the head and tho- 
rax are welded together into a single crust, called the 
cephdlo-tlwrax. On the front of this shield is a pointed 
process, or rostrum; and attached to the last joint of the 
abdomen (the so-called "tail") is the sole representative 
of a tail — the tdson. This skeleton is a mixture of chitine 
and calcareous matter."^ 

On the under-side of the body we find numerous ap- 
pendages, feelers, jaws, claws, and legs beneath the ceph- 
alo-thorax, and fiat swimmerets under the abdomen. In 
fact, as a rule, every segment carries a pair of movable 
appendages. The seven segments of the head are com- 
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pressed iuto a very small space, yet hi 
taembers: the eye-stalks; the short ani 
use; the mandibles, or jaws, between < 
opens ; the two pairs of maxillte ; and a 
limbs, called "foot-jaws." The thorax 
pairs of foot-jaws and five pairs of leg 
legs, " the great claws," 
are extraordinarily de- 
veloped, and terminat- 
.ed by strong pincers 
{eheUs). Of the four ^ 
slender pairs succeed- 
ing, two are famished * 
with claws, and two 
are pointed. The last 
pair of swimmerets, to- 
gether with the telson, g 
form the candal fin — 
the main instrument of 
locomotion; the others 
(called "false feet") 
are nsed by the female 
for carrying her eggs. 
The eyes are raised on 
stalks so as to be mov- 
able (since the head is ''^,™;^b",°Vu«M^ 

£xed to the thorax), of anl«nn»; t, Mconi 
{■ lni[ork1dnej:«,foot 

and are componnd, pair or thoracic lega 

 f i_ . . uillt i Jt caadai flu. 

made up of about two 
thousand five hundred square facets. Al 
small antenna is a minute sac, whose moi 
hairs : this is the organ of bearing. The 
a side, are situated at the bases of the leg 
two chambers, into which water is freely 
drawn, by means of a curious attachme: 
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maxillee, which works like the "screw" of a propeller. 
The heart is a single oval cavity, and drives arterial blood 
— a dnsky fluid full of corpuscles. The aliinentarj canal 
consists of a shori; gullet, a gizzard -like stomach, and a 
straight intestine. 

Crustaceans pass through a series of strange metamor- 
phoses before reaching their adult form. They also peri- 
odically cast the shell, or monit, every part of the integu- 
ment being renewed ; and anotiier remarkable endowment 
is the spontaneous rejection of limbs and their complete 
restoration. Many species are 
found in fresh water, but the class 
is essentially marine and carnivo- 
rous. 

Of the numerous orders of this 
great class we will mention only 
four: 

1. Cirripeds, distinguished by 
being fixed, by having a shelly 
covering, and by their feathery 
arms {cirri). Such are Barnacles 
(Zep(M)andAeorn-shell8(5«^nw*), 
so common on rocks and timbers 
P,a m-JdBE»ro&«^: a Ta- ^y the sea-shore. 

tradBcapod. u. s. coast 2_ Entoimstracmia, which agree 

in having a horny shell and no abdominal limbs; repre- 
sented by the little Water-fleas {Oyclopa) of our ponds, and 




Fia. mt—Amphlthei maeulaia : a Sand-flea. 

the Brine-shrimps {Artemid), and many others. The King- 
craba {Limidua) and the extinct Trilobites were formerly 
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Fio. HB.— Baionclea, or PedinicnlalB Clrtlpedes I 

united to this elaee, but now are known 
moved from it. Tlie former is by some 
from the Crustacefl. 
3. Tetradecajpoda, email, fourteen-foot 
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Wood-louse, or Sow-bng {Oniscua), bo common in damp 
places, the Slaters (Idotea), and the Sand-fleas {Gammarua), 
seen by the Bca-side. 
4. Decapodsy having ten legs, as the Shrimp {Orangon), 



Via. ffiC— LulMter {Bani 



SJ — Swlmmlna Crab {PlalyvnychM). 
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Cray-fish {Astcums), Lobster {Romarm 
cer). Crabs differ from Lobsters chief 
for creeping at the bottom of the sei 
ming, and in the reduction of the abdoi 
rudiment, which folds into a groove ui 
thorax. They are the highest and larg 
tacea: they have been found at Japan 
feet between the tips of the claws. 

Class II. — Arachnida 

The Arachnids are closely related t< 
having the body divided into a cephah 
men.*" To the former are attached ei 
joints each ; the latter has no locom 
The head carries two, six, or eight eye 
sile {i. e.y not faceted and stalked, as in 
approaching the eye of the Vertebrates 
ness and perfection of their apparatus, 
present, are only two, and these are i 
modified to serve for the prehension of 
all air-breathers, having spiracles whicl 
air-sacs or tracheae. The young of the 
dergo no metamorphosis after leaving tl 

Arachnids number nearly five thousj 
typical forms are divided into three gro 

1. Acarina^ represented by the Mites 
have an oval or rounded body, without 
ulations, the head, thorax, and 
abdomen being apparently < lW" ni t|r 
merged into one. They have ^^'KJfflffii 

no brain; only a single gan- ^^^ ^^^^ 
glion lodged in the abdomen, j^w*). one . 
They breathe by trachesB. The 
mouth is formed for suction, and they a 
sitic. The Mites (^Acaribs) are among 1 
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ticalates. The body is soft and miaate. The Ticks 
{Ixodes) have a leathery skin, and are Bometimes half an 
inch loDg. The month is famished with a beak for piei-c- 
iDg the animal it infeBts. 

2. PedipcUpi, or Scorpions, characterized by very large 
maxillary palpi ending in forceps, and a prolonged, joint- 
ed abdomen. The nervous and circulatory systems are 
more highly organized than those of Spiders; but the 
long, tail-like abdomen and the abnormal jaws place them 



FiQ. 2S9 — ScucploQ [iiDder snrbce) »ai Centipede. 

in a lower rank. The abdomen consists of twelve seg- 
ments : the anterior half is as large as the thorax, with no 
well-marked division between ; the other part is compara- 
tively slender, and ends in a hooked sting, which is perfo- 
rated by a tube leading to a poieon-sac. The mandibles 
are transformed into small, nipping claws, and the eyes 
generally number six. Respiration is carried on by four 
pairs of pulmonary sacs which open on the under snrface 
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of the abdomen. The heart is a etron 
along the middle of the back, and dividei 
chambers. Scorpions are confined to t 
and tropical regions, nsnally lurking in 

The HarveBt-men {Phalangium), fre 
onr houses, belong to this order. They 
body and extremely long lege, and brea 

3. AraTiema, or Spiders. They are 
their soft, nnjointed abdomen, separatei 
by ft narrow constriction, and provide* 
end with two or three pairs of appendt 
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anion of a tlionsand or more of tliese delicate BtreamB of 
silk."* These primary threads aie drawn out aud united 
by the bind legs. 

The mandibles are rertical,and end in a poT.-crful hook, 

in the end of which opens a dnct from a poison-gland in 

1 i the head. The maxillse, or "palpi," which 

in Scorpions are changed to formidable claws, 

in Spiders resemble the thoracic feet, and are 

often mistaken for a tiftli pair. The brain is 

of larger size, and the whole nervous system 

Pw. ML— Spin- more concentrated than in the preceding or- 

ier,b.<!i a,pai- der. There are generally eight simple eyes, 

ptfuria organ* ^^^]y gjjj_ They breathe both by trachese 

and lung-like sacs, from two to fonr in number, situated 

under the abdomen. All the species are carnivorous. 

The instincts of Spiders are of a high order. They are, 
perhaps, the most wily of Articulates. They display re- 
markable skill and industry in the construction of their 
webs; and some species (called "Mason Spiders") even 
excavate a subterranean pit, line it with their silken tapes- 
try, and close the entrance witli a lid which moves upon a 
hinge.'" 

Class III. — Myriapoda. 
Myriapoda differ from Crustaceans and Spiders in hav- 
ing the thorax merged in the abdomen, while the head is 
free. In other words, the body is divided into similar 
segments, so that thorax and abdomen are scarcely distin- 
guishable. They resemble Worms in form and in the 
simplicity of their nervons and circulatory systems; bnt 
the skin is stiffened with chitine, and the legs (indefinite 
in number) are articulated. The legs resemble those of 
Insects, and the head appendages follow each other in the 
same order as in Insects — eyes, antennse, mandibles, max- 
illse, and labium. They breathe by tracheae, and have two 
antennae and a variable nnmber of eyes. 



- • 
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There are two orders : 

1. Chilognatha^ having a cylindrical 1 
furnished with two pairs of legs. The 
motion, harmless, and vegetarian. Thi 
Worm {Julua) is a common representati 

2. ChUopoda^ characterized by havinj 
composed of about twenty segments, € 
pair of legs, of which the hindermost 
spines. They have longer antennsB tin 
and the mouth is armed with two fornc 
nected with poisonous glands. They ap 
active. Such is the Centipede {Scolopen 

Class IY. — Insecta. 

Insects are distinguished by having 
abdomen distinct, three pairs of jointed 
antennse, and generally two pairs of win 
of segments in the body never exceeds tv 
apparently one, is formed by the union \ 
The thorax consists of three — ihe^ proth 
and metathorax — each bearing a pair of 
if present, are carried by the last two sej 
domen^is normally composed of ten segm 
movable upon one another. The skin 
chitine, and to it, as in all Arthropods, tl 
tached. The organs of sense are confin( 
division of the body, the motor organs tc 
the vegetative to the abdominal. All th 
hollow. 

The antennsB are inserted between o; 
eyes. There is a great variety of forms, 
lar and jointed. They are supposed to b( 
and also seem to be sensitive to sound 
usually compound, composed of a large n 
nal cornese, or facets (from fifty in the A 
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Bands in the winged iDsects). They are never placed on 
movable 8talkB,a8 the 
Lobster's. Besides 
these, there are three 
simple eyes, called 
ocelli. The mouth 
may be fitted for bit- 
ing {masticatory), as 
in Beetles, orfor suck- 
ing {stictorial), as in 
Butterflies. The mas- 
ticatory type, whicli 
is tlie more complete, 
and of which the other 
' is but a modiBcation, 
consists of four horny 
jaws {mandihles and 
maxUliB) and an up- 
per and an under lip 
{labrum and laHum). 
Sensitive palpi {t/iox- 
iUary and labial) are 
developed from the 
lower jaw and lower 
lip. The labium ie 
also prolonged into a 

liguUi, or tongue. 
Fis. Ht.—Uodermrtlu»ora Beetle (B<irfiiilu>«'<- mi i •  

irf^flu): a,ifgiii»: 4,parBai«s«e; ..snppOTi^ot The legs are invan- 



p.lpu.; ,,n.eMnn.;y.ln- ^y^ ^^^ j^ ^-^^ j^jj^jj^ 



be of mai!llB _. 

I ; i, tnmdlble i k, buccal opei 

nHt: m, buccal antt 

ranin \ p, splauroiim of prothorax : p', 

reniorii.or IhlghB; (,f, (", tlbc; s.vei 
ilnilHgniBnUi u,flpliterDBotniegolharitx; 



I openhiR: I, piis, the fore -legs direct- 

ihgnUr eatnte; a, ° 

 * ed forward and tho 

hinder pairs back- 

_ _ ward. Each consists 

eplmeron; i, melMternnm. of a hjp^ thigh, shauk, 

and foot.'" Some larvee have also "false legs," without 
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joints, on the abdomen, upon which 
locomotion. The wings are expand 
stretched over a net-work of horny tu 
or arrangement of these tabes (called 
particularly in the fore-wings, is pecu 
In many Insects, the abdomen of th( 
tube which is the sheath of a sting, as i 
ovipositor^ or " borer," as in the Ichnei 
which the eggs are deposited in suitabl 

Cephalization is carried to its maxi) 
and we have animals of the highest i 
articulate type. The " brain " is f orm< 
glia massed together, and lies across the 
throat, just behind the mouth. The mi 
the ventral side of the body, with a swe 
meut ; besides this, there is a visceral m 
in function, the sympathetic system of ^ 
digestive apparatus consists of a pharyn; 
a crop is added in the Fly, Butterfly, an 
zard, stomach, and intestine. There are 
sels, the chyme simply transuding thro 
the canal. The blood, usually a colorless 
by a chain of hearts along the back, i, t 
tube divided into valvular sacs, ordinal 
allow the current to flow only towards 
leaves this main pipe, ii escapes into th« 
body, and thus bathes all the organs. All 
does not circulate in a closed system of bl 
Vertebrates, yet it always takes one set oi 
ing from the heart, and another in retui 
tion is carried on by tracheae, a system o; 
at the. surface by a row of apertures {^Bpir 
nine on each side of the body. 

The sexes are distinct, and the larvae ai 
eggs. As a rule, an Insect, after reachin 
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imago, state, lives from a few liours to several }rears,aDd 
dies after the process of reproduction. Growth takes 
place odI; during larval life, and all metamorphoses occor 
then. Among the social tribes, as Bees and Ants, the 
majority (called "workers") do not develop either sex. 

Insects (the six-fuoted Arthropods) comprise nearly one 
half of the whole Animal Kingdom, or from one hundred 
and seventy thousand to two hundred thousand species. 
They are grouped into seven orders : 

Ijowtr leriei: body uanallj flultened; prolhortti lai'ge and) Ntttrojilera, 
■qaarish { moulb-parlB ukuaIIt ndnpted for biting; mtt- \Orihoplera, 
MnoiphoaiB often incomplete J pupn often aclii'e; iar\a\ Htmiptera, 
flattened, ofiea reaeinbling t)ie adult. i CoUoptera. 

HiyheT (Crtci: body usually cylindrical; prottiorax goiHll;) 

moutli-parts more senerallr furmed liir SDckinc: meta- ^ . , 

. . , ... „ ,. i Ijepidoplera, 

morphoBUi complete : pupa inactive; larva usunllycylm- „ 

drical, very unlike the adolt. I ' 

1. Neuroptera have a coinpniatively long, slender body, 



Fib. M!.— Draijon-flj {LiUaxila). 



and four large, transparent wings, nearly equal in size, 
membranous and lace-like. Such are the brilliant Dragon- 
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flies, or Devil's Darning-needles (Liiei 
hy the enormous head and thorax, lar^ 
(each furnished witii twenty -eight 1 



Fie. wa.— IlMsmuEiiliuDlii itltal 

vee and pupse are active, an 
are nearly all vegetarian, 
teristic sounda (stridulatioii 




■^S^' 



lecn-year Clcidii (Pfcou 
, bas eecnped ibrougb a 
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are Crickets {GryUus), Locasts {Lot 
(Acjydiumjj'WiUkhig- sticks {Phasm 



3. Hemiptera, or " Bugs," are eliiel 
a suctorial moutli, which is producet 
beak, io which mandibles aod luaxilli 
bi-istles and enclosed by the labium, 
irregularly and sparsely veined, someti 
body is flat above, and the legs slender. 
from the imago in wanting wings. I 
fore -wings are opaque at the base i 
the apex, whence the oanse of the ord 
the juices of animals, others on plants, 
wingless Bed-bug (Oimex) and Lousi 
Squash-bug {Coreus), Water-boatman (. 
teen-year Locust {Cicada), CoahiaesX (( 
louse {Aphia). 

4. Coleoptera, or " Beetles," This is 
orders, the species numbering about 
They are easily recognized by the * 
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The maodibles are well developed, and the integnment 
generally is hard. The legs are strong, for the Beetles 
are among the most powerful running InBecte. The lar- 
vsB are worm-like, and the pupa is motionless. The high- 
est tribes are carnivorous. The most prominent forms 



i^iu. 2IM.— Seitmi BeetleB {Xecn^iluini* eetiiiUa), viilb Juivii uui) uiin|jli. Ttaey mv 
barjlue » Taoam, prepKralorj lo Isjlug their eggs in It , 

are the savage but beantiful Tiger Beetles {Cidndeld); 
the common Ground Beetles {Caraiius), whose hind wings 
are often absent; the Diving Beetles {Dytisc^is), with 
boat-shaped body, and hind legs changed into oars; the 
Carrion Beetles {Silpha), distinguished by their black, flat 



bodies and club -shaped ant 
(ScarahcEus), the gianta of thi 
(Mater); the Lightning-buga 
Lady-birds {Coceinella); the f 
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{Cerambycid(B)\ and the destructive Weevils (Gurcvliih 
nid(B)j with pointed snouts. 

5. Dijptera^ or " Flies," are characterized bj the rudi- 
mentary state of the hinder pair of wings. Although 
having, therefore, but one available pair, they are gifted 
with the power of very rapid flight. While a Bee moves 
its wings one hundred and ninety times a second, and a 
Butterfly nine times, the House-fly makes three hundred and 
thirty strokes. A few species are wingless. The eyes are 
large, with numerous facets. In some forms, as the House- 
fly, all the mouth-parts, except the labium, are rudimen- 
tary ; and the labium has an expanded tip, by means of 




Fio. 270.— MetumurphoHis of the Fle^^li-tly {Suivophaga cartiai-ia) : a, eggB; b^ yoaug 
maggots JojBt batched; c, d, fall-gruwu uaggoUi; e, papa; /, imaga 

which the fly licks up its food. In other forms, as the 
Mosquito, the other mouth-parts are present as bristles or 
lancets, fitted for piercing ; tlie thorax is globular, and the 
legs slender. The larvae are footless grubs. The Diptera 
number about twenty-four thousand. Among them are 
the Mosquitoes (Culex) ; Hessian-fly {Cecidomyia\ so de- 
structive to wheat; Daddy-long-legs (Tipula), resemhling 
a gigantic Mosquito ; the wingless Flea (Pulex) ; besides 
the immense families represented by the House-fly (Mtcs- 

ca) and Bot-fly {(Estrus). 

6. Lepidoptera^ or "But- 
terflies" and "Moths," are 
known chiefly by their four 
large wings, which are thick- 
ly covered on both sides by 
minute, overlapping scales. 
The scales are of different 
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Pig. 271.— Scnles from the Wings of vari- 
ous Lepidoptera. 



colore, and are often arrang 
beanty. They are in realitj 
family has its partic- 
ular form of scale. 
The head is small, 
and the body cylin- 
drical. The legs are 
not used for locomo- 
tion. All the month 
parts are nearly obso- 
lete except the maxil- 
lee, which are fash- 
ioned into a " probos- 
cis" for pumping up '"„^-f^' 
the nectar of flowers. 
The larvffi, called " caterpillars, 
and from one to five pairs of a 
to the three on the thoi'ax. Tlie 



the dull-colored Sphinges, with ai 
middle, and flying at twilight ; ai 
which zenerally prefer the nieht. 
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Fie, iTl.—Mntb and Larva or Jl 



the others hold theirs horizontally. The pnpa of the 
former ib unprotected, aod is iisnally enspended by a bit 
of silk :'" the pnpa of the Moths is enclosed in a cocoon. 



Pia-tlB.— Fniit-motli <Corpocay«ij«moiie!ifl); 6, lutvi 
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From twenty-two tlioiisand to twenty-font thousand 
Lepidopterous speciea have been identified. Some of the 
most common Buttei-flies are the swallow-tail PapUio, 
the white jPiVris, the sulphnr- . 
yellow Colias; the Argynnis, ' ' '^ ^ ^ 
with silver spots on the under 
aide of the hind wings; the 
Vanessa, with notched wings. 
The Sphinges exhibit little 
variety. They liave narrow, 
powerful wings, and are some- 
times mistaken for Humming- 
birds, The " potato -worm" 
is the caterpillar of a Sphinx. 
Tlie most conspicuous Moths 
are the large and beautiful 
AUacus, distinguished by a „ 

' = *' Pia.SI«. — Head uf aCnlerpillar,frum 

triangular, transparent spot beneath: (Mintenute! 6,horujjHW8i 

, , ., . c, ChMHd of silk from the coDicKlftiBn- 

in tlie centre Ol tlie wmg; lue, on either Bide of which are mdl- 

the wliite Bowhyx, or "silk- '»«>"»'^ i»ipi- 

worm ;" the reddish-brown Clisiooampa, whose larva, " the 

American Tent-caterpillar," spreads its web in many an 

apple and cherry tree ; the pale, delicate Geornetrids ,' and 

the small but destructive Tineids, represented by the 

Clothes-moth, 

7. Hymeju^tera, comprising at least twenty-five thou- 
sand spedes, include the highest, most social, anS, we may 
add (if we except the Silk-worm), the most useful, of In- 
sects. They have a large head, with compound eyes and 
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the Honey-bees (4iE>^), Hnmble-bees (jBomJw^), Wasps 
(VeApa)^ Ants {Formica\ Ichneamon-flies, and Gall-flies. 
Those living in societies exhibit three castes : females, or 
" queens ;" males, or " drones ;" and neuters, or sexless 
" workers." There is but one queen in a hive, and she 
is treated with the greatest distinction, even when dead. 
She dwells in a large, pear-shaped cell, opening down- 
ward. She lays three kinds of eggs : from the first 
come forth workers, the second produces males, and the 
last females. The drones, of which there are about eight 
hundred in an ordinary hive, are marked by their great 
size, their large eyes meeting on the top of the head, and 

a be 

Fio. 277.— Honey-bee {Jpia meUifiea) : a, female ; by worker ; e, male. 

by being stingless. The workers, which number twenty 
to one drone, are small and active, and provided with 
stings, and hollow pits in the thighs, called " baskets," 
in which they carry pollen. Their honey is nectar elabo- 
rated in the crop by an unknown process ; while the wax 
is secreted from the sides of the abdomen and mixed with 
saliva. There is a subdivision of extra labor : thus there 
are wax-workers, masons, and nurses. Ants (except the 
Saliba) have but two classes of workers. While Ants live 
in hollow trees or subterranean chambers (called fbrmi- 
carivm)^ Honey-bees and Wasps construct hexagonal cells. 
The comb of the Bee is hung vertically, that of the Wasp 
is horizontal. 



Subkingdom VI 
This small and singular groi 
with the worms on the one ban 
on the other. The most comui 
ddiams) are enclosed in a 
leathery, elastic bag, one end 
of which is fastened to the 
rocks, while the other has 
two orifices, for the inlet 
and exit of a current of 
water for nntrition and res- 
piration. They are without j 
bead, feet, arms, or shell. In- 
deed, few animals seem more 
helpless and apathetic than these 
ings. The tubular heart exhibits 
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Subkingdoxn VIII.t-Vebtebrata. 

This grand division includes the most perfect animals, 
or snch as have the most varied functions and the most 
numerous and complex organs. Besides the unnumbered 
host of extinct forms, there are about twenty-five thousand 
living species, widely diflEering among themselves in shape 
and habits, yet closely allied in the grand features of their 
organization, the general type being endlessly modified. 

The fundamental distinctive character of Vertebrates 
is the separation of the main mass of the nervous system 

V from the general cav- 

ity of the body. A 
transverse section of 
the body exhibits two 
cavities, or tubes — the 
dorsal, containing the 
cerebro- spinal nervous 
system ; the ventral, in- 
closing the alimentary 
canal, heart,' lungs, and 
a double chain of gan- 
glia, or sympathetic 
jsystem. This ven- 
tral, or haemal, cavity 
corresponds to the 

Fig. 280— Ideal Plans of the Subkingdoms. ^» i i , , - -r 

transverse section of vertebrate type ; r, the WDOle bouy Of an In- 
same, inverted. Jf, transverse section of mol- 4. "U * V."\ ♦!» 

luflcons type ; and Jtfa. of mollnscoid. il and Verieorate ; WUUe lUC 

^<?, transverse sections of articulate type, high /Irvraal ckv -neural la 

and low. C, longitudinal section of coelente- ""*^»***) "*^ ueurai, jb 

rate type; a, alimentary canal; c, body-cavity, added. 
In the other flgares, the alimentary canal 1" -r^- , 
shaded, the heart is black, and the nervous V CrtebrateS are also 

cords are open rings. i* ,• •ijii • 

distinguished by an in- 
ternal, jointed skeleton, endowed with vitality, and capa- 
ble of growth and repair. During embryo-life it is rep- 
resented by the notochord ; but this is afterwards replaced 






Md 






by a more highly developed 
vertebral column of cartiliige 
or bone. The colniun and 
cranium are never absent in 
the craniota ; other parte may 
be wanting,aB the ribs in Froge, 
limbs in Snakes, etc.'" The 
limbs are never more than 
four, and are always articn- 
lated to the hcemal Bide of the 
body, while the legs of Inver- 
tebrates are developed from 
the neural side. The muscles 
moving the limbs are attached 
to the endoskeletou. 

The circnlation of the blood 
is complete, the arteries being 
joined to the veins by capil- 
laries, so that the blood never 
escapes into the visceral cav- 
ity as in the Invertebrates. 
All have a portal vein, carry- 
ing blood through the liver; 
all have lacteals and lym- 
phatics. The blood is red, 
and contains both kinds of 
corpnecles.'" The teeth are 
developed from the dermis, 
never from the cuticle, as in 
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or both. Vertebrates are the only animals which breathe 
through the mouth. 

The nervous system has two marked divisions: the 
cerebro-spinal, presiding over the functions of animal life 
(sensation and locomotion) ; and the sympathetic, which 
partially controls the organic functions (digestion, respi- 
ration, and circulation). In no case does the gullet pass 
through the nervous system, as in Invertebrates, and the 
mouth opens on the side opposite to the brain. Probably 
none of the five senses are ever altogether absent. The 
form of the brain is modified by the relative development 
of the various lobes. In the lower Vertebrates, the cere- 
bral hemispheres are small — in certain Fishes they are 
actually smaller than the optic lobes — ^in the higher, they 
nearly or quite overlap both olfactories and cerebellum. 
The brain may be smooth, as iij most of the cold-blooded 
animals, or richly convoluted, as in Man. 

There is no skull in Amphioxus. In the Marsipo- 
branchii and Elasmobrauchii it is cartilaginous. In other 
fishes it is cartilage overlaid with bone. In Amphibians 
and Keptiles, it is mingled bone and cartilage. In Birds 
and Mammals, mainly or wholly bony. The human skull 
contains fewer bones than the skull of most animals, ex- 
cepting Birds. The skull of all Vertebrates is divisible 
into two regions : the cranium, or brain-case, and the face. 
The size of the cranial capacity, compared with the area 
of the face, is generally the ratio of intelligence. In the 
lower orders, the facial part is enormously predominant, 
the eye-orbits are directed outward, and the occipital con- 
dyles are nearly on a line with the axis of the body. In 
the higher orders, the face becomes subordinate to the 
cranium, the sensual to the mental, the eyes look forward, 
and the condyles approach the base of the cranium. Com- 
pare the " snouty " skull of the Crocodile and the almost 
vertical profile of civilized Man. A straight line drawn 
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from the middle of the ear to the baee of the nose, and 
another from the forehead to tlie most prominent part of 
the upper jaw, will include what is called the y^acial an- 
gle, which roughly gives the relation between the two re- 
gions, and therefore the rank of the animal.'" In the 
cold-blooded Vertebrates the brains do not fill the craninm ; 
while in Birds and Mammals a cast of the cranial cavity 
well exhibits the general features of the cerebral surface.'" 
All Vertebrates are single and free. Mammals bring 
forth their young alive, having directly nourished them 
from the mother befoi^e birth (viviparous). In almost all 
the others the nonrishment is laid up in the egg, which is 
laid before hatching (oviparous), or is retained in the 
mother until hatched (ovoviviparous), as in some Reptiles 
and Fishes. 

There are two great divisions of the siibkingdora, 
Acrania and Oraniota, or Vertebrates without skulls and 
those with skulls. 

 The Craniota are divided into five great classes: Fishes, 
Amphibians, Reptiles, Birds, and Mammals. The first 
three are "cold-blooded," the other two are "warm- 
blooded." Fishes and Amphibians have gills dnring the 
whole or a part of their lives, while the rest never have gills. 
Fishes and Amphibians in embryo have neither amnion 
nor allantois, while the other three are provided with both'. 
There are three provinces of skull-bearing Vertebrates- 
Fishes and Amphibians agree in having gills, in want- 
ing amnion and allantois, and in possessing nucleated red 
blood-eorpuscles (Ichtkyopsida). 

Birds and Reptiles agree in having no gills, but both 
amnion and allantois, in the articulation of the skull with 
the spine by a single condyle, in the development of the 
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occipital condyles, and their bloud-corpnscles are not nu- 
cleated "* (Mammidui). 

Division I. — Aorania. 
Vertebrates withont s skull. 

Class. — PhaiTiigobrtuioM. 
The Acrania are represented by 
the singular animal Amphioxos or 
Lancelet. It is aboat two indies long, 
Bemi-transparent, without sknll, Urn be, 
brain, heart, or red blood-corpaseles. 
It has for a skeleton a notochord only. 
It breathes bj very numerons gill 
archefi, withont fringeB, and the water 
is drawn in by cilia, which line the 
gill slits. The embryo develops into 
a gastrula closely resembling that of 
the Invertebrates. The animal lives 
in the sandy bottom of shallow parts 
of the ocean, and has been fonnd in 
the Mediterranean Sea, in the Indian 
Ocean, and on the east coaat of North 
and Sonth America. 

Division II. — Craniota. 
Vertebrates with a distinct skull. 

Class I. — Plsoes. 
Fishes are the lowest of Verte- 
brates. They fall far behind the rest 
in strength, intelligence, and sensi- 
bility. The eyes, though large, are 
almost immovable, bathed by no tears, 
and protected by no lids. Dwelling 
in the realm of silence, ears are little 



needed, and such as the; ba\ 
the sound being obliged to 
Taete and smell are blunted, 
to the lips. 

The class yields to no othe 
of its forms. It iiichides ne; 
tebrated species. So great is 
difficult to frame a definition w 
finny tribes. It may be said, ) 
only backboned animals having 
anal) snpported by fin-rays, ant 
ventral fins) do not exhibit that 
leg, and foot) fonnd in all otbe: 

The form of Fislies is adinira 
in which they live and move, 
presents in one class such eleg 
such variety of form and beaut 



Fia. t8a.-8cateB ofPlahtw: J.CTclald Bcule {Sa 
placold scale {Itaji); O.giaoid Bcalee (Ambli 
■urbce, Bhowlpg aitlculiling proctuws. 

disproportionately large, bnt poii 
ance of the water. The neck is 
ing a prolongation of the trunk, 
packed near the head, and the lonj 
free for the development of muse 
tbe tail — tbe instrument of locom 
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polished, overlapping ecales, ae in the Percb. Rarelj, 
as in the Sturgeon, it is defended by bopy plates, or by 

rainnte, hard spines, as in the Shark, Scales with smooth, 
circular outline are called cycloid; those with notched or 
spiny margins are ctenoid: Enameled scales are ganoid, 
and those with a sharp spine, like those of the Shark, are 
plaeoid. 

The vertical fins (dorsal, ttnal, and caudal) are peculiar 
to Fishes. The dorsal vary in number, from one, as in 
the Herring, to three, as in the Cod ; and the first dorsal 
may be soft, as in the Trout, or spiny, as in the Perch. 



Fi4. HSi^ — Blue-fleh (Demriod&tt saUafor). All e«M, 

If the dorsals are cut ofE, the Fish reels to and fro. The 
caudal may be homocercal, as in ordinary species; or het- 
erocercal, as in Sharks. In ancient heterocercal Fishes, 
the tail was frequently vertebrated. The pectoral and 
ventral fins stand for the fore and hind limbs of other 
Vertebrates. As the specific gravity of the body is greater 
than that of the water, most Fishes are provided witli 
an air-bladder, which is an outgrowth from the oesopha- 
gus. This is absent in such as grovel at the bottom, as 
the Kays, and in those, like the Sharks, endowed with 
compensating muscular power. 

Fishes have no prehensile organ besides the month. 
Both jaws are movable. The teeth are numerous, and 
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may be recurved spines, ae in the Fike ; flat aud triangu- 
lar, with serrated edges, in the Shark ; or flat and tessel- 
lated in the Ray. They feed prineipally on animal mat- 
ter. The digestive tract is relatively shorter than iu other 
Vertebrates.'** The blood is red, and the heart has rarely 
more than two cavities, an auricle and a veiitricle, both on 
the venous side. Ordinary Fialies have four gills, which 
are covered by the operovj/um, and the water escapes from 
an opening behiud this. In Sharks there is no op^cvlura. 



•Fis.SSS.— Salmoa(&iitno«ilar). Botb hemieplierae. 

and each gill opens separately. The brain consists of sev- 
eral ganglia placed one behind the other, and occupies but 
a small part of the cranial cavity. Its average weight to 
tlie rest of the body may be as low as 1 to 3000. The 
eggs of bony Fishes are naked and multitndinons, some- 
times numbering millions in a single spawn ; those of the 
Sharks are few, and protected by a horny shell. 

There are abont thirteen thousand species of Fishes, of 
which over two thirds are Teleostei, There are two pnb- 
classes of Pisces. 




'I ,,K U'' ^.'■■'■9 i.^-m iw, f-usk^ '/r;ruu,u;d weli-derel- 
i/fi"f i* *" »<■') if.' "'*''■'•''*■ T;,':T* 41* f '/OF ordeis : 

f l',liiiniii^ffH/fu:h-w.f li»viri(f « i^r(\,ii^A\'>ai ^eleton,and 
M .fci/( (i.it'4 '*r *(i.l* \iS\i4'ii\i\ wrali*. Tlie gill-openiiigs are 
nmniiUfA I Hii'l iJxt iri'fiith \t, ((enemlljr ander the head. 
'f 1)11 v'Xiliul flriN Hi'» {«lw4!'l far back; the pectorals are 
l<iij«i',lii ill" Itiiyn ftri'fi'irioiiMly d«velo{)ed; and the tail is 
|ii.|Mii''"M<iil> HiK'.li nrti tliu HImrke, lUyii, and Chimsera. 
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They are all marine. The largest Shark found, and there- 
fore the largest Fish, measured forty feet in length. 



Fia.!3&— Thiirnbackdlaiaclaeate). Enropcan Eeoii. 

2. Ganoideif distinguished by their enameled scales or 
bony plates. The endoskeleton ia tiBually not completely 
ossified; the ventral fins are placed far back; and the 
tail ia generally heterocercal. The gills are like those of 
the bony Fiehea, and the air-bladder has a duct, and may 
aid in respiration. This waa one of the largest orders in 
old geological history. The few modem representatives, 
as the Sturgeon, Gar-pike, Mud (or Dog) Fish, and Polyp- 
terua, are eseentially 

fresh-water. 

3. Teleostd, in- 
cluding all the com- I 
mon Fishes having 
a bony endoskeleton Pia sM.-G»i-pikB(z,(p(,j^^,„,jH«). L»k«oi 
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Fi«. 90.— 6targeuD {A 

and a scaly exoekeleton. The skull is extremely com- 
plicated ; the apper and lower jaws are complete, and the 

gills are comb -like 
or tufted. The tail 
is homocercal; the 
other fins are varia- 
ble in number and 

Fio. 8^1.— Cal-lUb, or Uoriied Pi>ot {PinuioduM eatuM). positioU. lu the 

American rivere. r^ /• j -r«- i 

soft-nnned rishes, 
the ventrals are ab- 
sent, as in the Eels ; 
or attached to the 
abdomen, as in the 
Salmons, Herrings, 
Pikes, and Carps ; or 
placed under the throat, as in the Cod, Haddock, and 
Flounder. In the spiny-finned Fishes, the ventrals are 
generally under or in front of the pectorals, and the scales 
ctenoid, as in the Perches, Mullets, and Mackerels. 

4. Dipnoi. These Fishes connect the class with the 
Amphibia. They have an eel -like body, covered with 
cycloid scales ; an embryonic notochord for a back-bone ; 




FiQ. 292.— Cud {Marrhtta Americana}, Atlantic coast 




Fio. 298.— ProtoptertM annectens; one fourth natural size. African rirers. 



VEETl 

long, ribbon-Iiko pectoral a 
two auricles, and one ventrli 
lar air-bladder, "which is usee 
The representatives ai-e Ot 
topterua from Africa, and Le 

Class IL- 
Theee cold-blooded Vertt 
having gills when yonng,- a 
They liave uo tin-rajs, and tl 
the same diviBions as those ol 
is soft, and generally naked, j 
The skull is flat, and articula 
by two cotidyles. There is no 
are usually small or wanting. 
anricles and one ventricle. 1 
upon leaving the egg, passing ti 
They commence as water-brea 
semble Fishes in their respirati 
tion. In the lowest forms, the 
life ; but all others have, whe 
gills disappearing. The ciitic 
mode varying with the habits o 
mon Frog, the type of this clat 
tween the two extremes of the 
damental part is excessively dev 

There are about four 
hundred and fifty liv- 
ing species, grouped ^ 
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PTOteua of Austria, Menobranchttg of the eastern United 
States, and the two-legged Mnd-eel (Siren) of South Car- 
oliua. Others drop their gills, and always have four limba, 
as the aqnatic Newts and land Salamanders. '" The fore 
limbs first make their appearance in the tadpole. 

2. Ledyyrinthodontia, now extinct, resembled gigantic 
Salamanders, except in their complex teeth and exoskele- 
ton of bony plates. 

3. C<Eeilia have neither tail nor limbs, a snake-like form, 



Via, 2ML— JVoteu* an^nu*. £llTupe. 

minute scales in the skin, and well-developed ribs. Thej 

are confined to the tropics. 

4. Batrachia include all the well-known tailless Am- 
phibians, as Frogs 
and Toads. They 
have a moist, naked 
skin, ten vertebrae, 
and no ribs. As they 
breathe by swallow- 
ing the air, they can 

be Biiffocated by holding the month open. They have 
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fonr limbs — the hinder the longer, i 
They have fonr fiogere and five toes 
and, fixed by its an- 
terior end, it can be 
rapidly thrown ont as 
an organ of prehen- 
sion."' The eggs are 
laid in the water en- 
veloped in a glairy 
mass; and the tadpoles ^'"'^ 

resemble the ITrodelans, till both gills 
Frogs {Rand) have teeth in the np[ 
feet ; Toads (Bufo) are higher in rai 
teeth nor fnllj webbed feet. The 
known to live sixteen years, and the 1 

Class III. — Reptlli! 

These air-breathing, cold-blooded "\ 
tinguished from all Fishes and Amphi. 
ing gills, and from Birds by being & 
scales or bony plates. The skeleton is n 
and the skull has one occipital condyle, 
ordinarily concave in front; and the r 
oped. With few exceptions, all are earn: 
are always present, except in the TnrtI 
sheath covers the jaws. The teeth are 
sockets, except in Crocodiles. The jawE 
wide. The heart has three chambers, sa 
where the ventricle is partitioned. Bi 
mixture of arterial and venous blood is 
Inngs are targe, and coarsely cellnlar. ' 
present, are provided with three or mor 
as toes. 

There are about fifteen hundred sp 
orders of living Keptiles : the first ti 
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scales, the others hsLve bony plates combined with 
scales. 

1. Ophidia, or Snakes, are characterized by the absence 
of visible Umba;'** by the great nninber of vertebrffi, 
amoanting to over fonr hundred in the great Serpents ; 
by a corresponding number of ribs, bat no stemani ; and 
110 true eyelids, the eyes being covered with a transparent 



7ia. NS.— Adder, or Viper {PdUt bena). Bngluid. 

skin. Tlie tongue differs from that of nearly all other 
Reptiles in being bifid and extensile. The month is very 
dilatable. The skin is freqnently shed, and always by re- 
versing it. Snakes make their way on land or in water 
with equal facility. 

As a rule, the venomous Snakes, as Vipers and Rattle- 
snakes, are distinguished by a triangnlar head covered witli 
small scales ; a constriction behind the head ; two or more 
fangs, and few teeth; small eyes, with vertical pupil; and 
short, thick tail. In the harmless Snakes, the head gradu- 
ally blends with the neck, and is covered with plates; the 
teeth are comparatively numerous in both jaws ; the pu- 



VEKl-EBBATA. 



Fio.2Bfi.— o. Bead of  Barm leu Sntke {upper view) ; b, heads of variou* Venomoiu 
8uake«. 

pil 18 ronnd, and the tail tapering. This rule, however, 
has many exceptions. 

2. Laeertiiia, or Lizards, may be likened to Snakes pro- 
vided with fonr limbs, each having five digits.'" The 
body is covered with horny scales. All have teeth, which 
are simple in stnictnre; and the halves of the lower jaw 
are firmly united in front, while those of Snakes are 



-Lliard {Laatta). 

21 
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looBelj tied together hj ligaments. Nearly all have a 
breast - bone, and tlie eyes (save in the Gecko) are fur- 
nished with movable lids. In the common Lizards and 
Cliameleon, the tongne is extensile. The tail is usually 
long, and in some cases each caudal vertebra has a divis- 
ion in tbe middle, so that the tail, when grasped, breaks 
off at one of these divisions. Tbe Chameleon has a pre- 
hensile tail. The Iguana is distinguished by a dewlap on 
the throat and a crest on the back. Except some of the 
Monitors of the Old World, all the Lizards are terrestrial. 
3. Chdonia, or Tortoises and Turtles, are of anomalous 
structure. The skeleton is external, so as to inclnde not 
only all the viscera, but also the whole muscular system, 
which is attached internally; and even the limtw are 



Fia. SOI.— nnnkVblU Tartla {ErttnvKhelyt iyabricala). Tropical AtUnCIc 

inside, instead of outside, the thorax. The exoskeleton 
unites with the endoskeleton, forming the carapace, or 
case, in which the body is enclosed. The exoskeleton con- 
sists of homy plates, known as "tortoise-shell" (in the 
soft Tortoises, Trionyx, this is wanting), and of dermal 
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bones, united to the expanded Bpines of the vertebi'se and 
to the ribs, making tlie walls of the carapace. The ven- 
tral pieces form the 
plastron, or ster- 
iiuin. '" AIJ are 
toothless. There 
are alwaysfonr stout 
legs; and the order 
furnishes the only 

examples of Verte- ns. m - Boi-torwl« (Cwdulo Virgtnm). Uniled 

biTites lower than siate«. 

Birds that really walk, for Lizards and Crocodiles wrig- 
gle, and drag the body along. There are no t«eth, but a 
horny beak. The eggs are covered with a calcareous 
shell. 

The Sea-turtles, as the edible Green Turtle and the 
Hawk's-bill Turtle, which furnish the " tortoise  shell " 
of commerce, have the limbs converted into paddles. The 
fresh-water forms, represented by the Snapping Turtle 
{Clielydra), are amphibious, and have palniated feet. Land 
Tortoises (Testudo) have short, clumsy limbs, fitted for 
slow motion on the land ; the plastron is very broad, and 
the carapace is arched (while it is flattened in the aquatic 
species), and head, legs, and tail can be di-awn within it. 
The land and marine species are vegetable-feeders; the 
others, cai-nivorons. 

4. Crocodilia, the highest and largest of Heptiles, have 
also two exoskeletons — one of horny scales (epidermal), and 
another of bony plates (dermal). The bones of the skull 
are firmly united, and furnished with numerous teeth, im- 
planted in distinct sockets. The lower jaw extends back 
of the cranium. The heart has four cavities, but the pul- 
monary artery and aorta communicate with each other, so 
that there is a mixture of venous and arterial blood. 
They have external ear-openings, closed by a flap of the 
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Class IV, — Aves. 

Birds form the most clearly defined class in the whole 
Animal Kingdom. The Eagle and Hummer, the Ostrieh 
and Duck, widely as they seem to be separated by size, 
form, and habits, still exhibit one common type of struct- 
ure. On the whole. Birds are more closely allied to Rep- 
tiles than to Mammals. In number, they approach the 
Fishes, ornithologists having determined eight thousand 
species, or more. 

A Biid is an air-breathing, egg-laying, warm-blooded, 
feathered Vertebi-ate, with two limbs (legs) for perching, 
walking, or swimming, and two limbs (wings) for flying 
or swimming. Organized for flight, it is gifted with a 
light skeleton, very contractile muscular flbre, and a res- 
piratory function of tlie liighest development. 

The skeleton is more compact than those of Reptiles 
and Mammals, at the same time that it is lighter, and the 
hones are harder and whiter. It contains fewer bones 
than usual, many pai'ts being anchylosed togetJier, as the 
skull-boties, the dorsal vertehrEe, and bones of the tarsus 
and metatarsus. The Inmbar vertebrae are united to the 
ilia. The neck is remarkably long (containing from nine 
to twenty-four vertebrie) and flexible, enabling the head 
to be a most perfect prehensile organ. The ribs are gen- 
erally jointed in the middle, as well as with the backbone 
and sternum. The last, where the muscles of flight orig- 
inate, is highly developed. The skull articulates with 
the spinal column by a single condyle, and with the lower 
jaw, not directly, as in Mammals, but through the inter- 
vention of a separate bone, as in Reptiles. 

All Birds always have four limbs, while every other 
vertebrate class siiows exceptions. The fore-limbs are fit- 
ted for flight. Tliey ordinarily consist of nine separate 
hones, and from the hand, fore-arm, and hamerns are de- 
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veloped the primary, secondary, and tertiary feathers of 
the wing. The hind-limbs are formed for progression — 
walking, hopping, ranning, paddling, and also for perch- 
ing and grasping. The niodifications are more namerou's 
and important than those of the bill, wing, or tail. There 
are twenty bones ordinarily, of which the tibia is the prin- 
cipal ; hot the most characteristic is the tarso-metatarsns, 
which is a fusion of 
the lower part of tlio 
tarsns with the meta- 
tarsus. The rest of the 
tarsDS is fused with 
the tibia. Tlie thigh 
is so short that the 
knee is never seen ont- 
side of the plumage; 
the first joint visible 
is the heel.'" Most 
Birds have four toes 
* " / ' rf « > » (the external or " lit- 

[.wliig-ciiyerla ! tlC " tOO IS ftlwayS 

"e'lwo mnndi- Wanting); many have 

'o'r'lhe'lT.wTr *'"'®®' *''^ AoZ^WiC, Of 

wnfiheopper "biff" toc, being flb- 

<,n.retaeHd; t, ° , ' , „ 

nek : n, meia- Sent; while the Us- 
aj't^nvertT;''*! ^'^i^h has biit two, an- 
swering to the third 
and fourth. The normal nnmber of phalanges, reckoninj; 
from the hallnx, is 2, 3, 4, 5. The toes always end iu 
claws. 

Birds have neither lips nor teeth, epiglottis nor dia- 
phragm. Tlie teeth are wanting, because a heavy masti- 
cating apparatus in the head would be unsuitable for 
flight. The beak, crop, and gizzard vary with the food. 
It is a peculiarity of all Birds, though not confined to 
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them, that the generative products 
gestion are all discharged through c 

The sole organs of prehension a 
The circulation is double, as in Man 
four -chambered heart. Eespiratic 
than in other Vertebrates. The lun. 
municate with air-sacs in various | 
along the vertebral column, and also 
many bones, as the humerus and f€ 
ally hollow and marrowless.*" Botl 
much larger relatively than in Eept 
larger in proportion to the face ; and t 
are not situated in one plane, one beh 
cerebrum is round and smooth, and th 
lobed. The ears resemble those of ' 
eyes are well developed, and protected 
are placed on the sides of the head, i 
ways round. The sexes generally di 
mage, in some cases more widely than i 
but the coloration of either sex of any 
constant. 

There are two subclasses."* 

Subclass I. — Ratit8B {Cun 

This small and singular group is cha 
ing no keel on the breastbone, rudimei 
ers with disconnected barbs, and stout 1« 
Ostrich has two toes, the Cassowary thi 
ryx four. 

Its representatives are the Ostrich {S\ 
and Arabia, South American Ostrich (. 
{Casuarius) of the East Indian Archipe 
lia, Emu {Drommics) of Australia, and jL 
kiwi, of New Zealand. Besides these, t 
gigantic forms from Madagascar {/Ej^y 
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New Zealand {I>i- 
nomis, or Moa). 
Tills Btngalar ge- 
ograpbical distri- 
bntion, like that 
of the Dipnoi and 
Marsnpials, eliows 
that the gronp was 
once widelj Bpread 
- over the earth, bnt 
is now greatly re- 
stricted in area. 

J Subclass II. 
Carinatss. 
Birds with a 
.^^^ keeled sternnni, 

F.8-»oB.-Arri«no.irtcb(.'«r^fo«mrf™). g„d with devel- 
oped functional wings. 

A. Aquatic BmDS. — Specially organized for swimming; 
the body flattened, and cov- 
ered with water-proof cloth- 
ing — feathers and down; the 
legs short (the knees being 
wholly withdrawn within the 
skin of the body), and set far 
apart and far back; the feet 
webbed,and hind-toe elevated 
or absent. The lege are al- 
ways feathered to the heel at 
least. They are the only Birds 
whose neck is sometimes 
longer than the legs. 

1. Pygopodes^ or Divers. — 
These lowest of the feathered ^"'- '^m^ttw:*It^:S'^'^' ' 
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Fro. SOI. - Lwm (CnlytnAiK tnrquaHit). Nurtb Amerlea. 

tribe have very Bliovt wiDge and tail, and the legs are 
placed 80 far back tiiat lliey are obliged, when on land, to 
8tand Dearly bolt upright. They are better fitted for div- 
ing than for flight, or even swimming. They belong to 
the high latitndes, living on Fishes mainly, and are repre- 
eented by the Penguins, Auks, Louns, and Grebes. 
2. Longiperinea, or Gnlls. — Distingnished by their long, 
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pointed wings, nenally long tail, and by great powers of 
flight. They are all carnivorous. Siicli are the GqIIs and 
Terns, which freqnent the sea-coast, lakes, and rivers; and 
theAlbatroBsesand Pe- 
trels (the largest and 
smallfist of web-footed 
Birds), which are oce- 
anic. 

3. Totipalmates, or 
Cormorants. — Charac- 
teiized by a long bill, 
generally hooked; 
wings rather long; and 
toes long, and all four 
joined together by 
_ broad webs. Throat 

Fio. 810,— Wild QipoBK Ui'inicla Cmmdieniu). ,, , , , 

uiiiMd States. generally naked, and 

furnished with a sac, TJie majority are large sea-birds, 




and feed ob Fisbes, MolInskB, 

the CormoraDts, Pelicans, and 

4, Zamdlirostres, or Ducks, 

ate wings, short tail, flattened 



Pta. 811. —wild Dnck [Amu fto* 

with ridges along the edges, D 
tarian than animal. The major! 
as the Ducks, Geese, Swans, and 

B, Teeeestkial 
Birds. — This gronp 
exhibits great diver- 
sity of stnicture; but 
all agree in being es- 
pecially terrestrial in 
habit, spending most 
of the time on the 
ground, not on trees 
or the water, al- 
thongh many of them 
fly and swim well. fio. Bis.-snnapi! 
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Tbe legB are long or strong, and tlie knee u free from the 
bodj. The hind 
toe, when preeent, 
is BDuU and ele- 
vated. 

5. Grall^UoTee, or 
Waders.— These 
.- iire readily distiii- 
gniehed by their 
long and bare lege. 
Generally, also,tbe 
toes, neck, and bill 
t are of proportion- 
ate length, and the 
tail sliort. They 
feed OD stiiall ani- 
mals, and, with a 
' ' fewexceptionB,fre- 

quent the banks of rivere. In flying, their legs are 

stretched ont behind, while in most other Birds the; are 

folded under the body. 

Kucli are the Rails, 

Cranes, Herons, Storks, 

IbiscB, Stilts, Snipes, 

Sandpipers, and Plov- 

6. ^(Mo/'C«,orScratcli- 
ers. — As a rule, this 
order, so valuable to 
Man, is characterized 
by a short, arched bill ; 
short and concave 
wings, unfitted for pro- p,o, Bi4._Ra[i, , 
tractcd Sight; stout 
lege, of medium length ; and four toes, the three in froDt 
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being united by a short web, and terminating in blnnt 
claws. The legs are usnally feathered to the heet, some- 
times (as in Grouse) 
to the toes. The 
feathers of the bod}- 
are large and coarse. 
The EQales generally 

liave gay pluinage, > 

and some appendage 
.to the head. The 
nostrils are covered 
by a scale or valve. 

Their main food is Fiu. ais.— Piairie-chlckei) (CujUHmKu ag>ido). 
c J .1 WMtani pi«irl«. 

grain, ouch are tlie 

Grouse, Partridges, Turkeys, Pheasants, Poultry, and Cu- 

rassows. To these may be added, 

7. Columb<E,or PigeoTis and Doves, although they stand 
intermediate between the 
terrestrial and perching 
Birds, as the Flamingoes 
link the aqnatic and terres- 
trial. Tliey differ from the 
typical Kasores in having 
"irigs for pi-olonged flight, 
and slender legs, fitted rath- 
er for an arboreal life, with 
toes not united, and the 
hind toe on a level with 
the rest. 

G. ASrtal Birds.— This 

F.o.m-Kiufrd..ve(ia.i™«h.pai™su.). highest and largest group 
^"«'*"^- includes all tliose Birds 

whose toes are fitted for grasping or perching, the liind 

toe being on a level with the rest. The knee is free from 

the body, and the leg is generally featliered to the hee\. 
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The wings are adapted for rapid or long flight ; and they 
hop, rather than walk, oq the groBod.'" Ihey always 
live in pairs; and the yoaag are hatched helplees. 

8. Jlaptores, or Birds of Prey, differ from all other 
Birds, except Parrots, in having a 
strongly hooked bill and a waxy 
membrane (cere) at the base of the 
npi*r mandible ; and from Parrots, 



Fifl. m.— Barn-owl (, 



in having three toes in front and one behind. The toes 
are armed with long, strong, crooked talons ; the legs are 
robust ; and the wings are of considerable size, adapted 



[S.—Onlilen Engis {Aquila ehryiaelM). Nnrth AmeHcn ond Biirn[>e, 
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for rapid and powerful flight. The bill is stout and sharp, 
and usually toothed. All are carnivorous. The female is 
larger than the male, except the Condor. There are two 



Fio. 820.— Foot of Pnrmt and Woodpecker. 

sections : the Diurnal, wiioae eyes are on the sides of the 
head, wings pointed, and metatarsus and toes covered over 
with scales, as the Vultures, Kites, Hawks, Falcons, and 
Eagles ; the Nocturnal, wliose large eyes are directed for- 
ward, and surrounded by radiating feathers, metatarsus 
feathered, and plnniage soft, as the Owls. 

9. Picari(B.' — This polymorphic group has hardly any 
peculiarities in common.'" The toes are "usually paired, 
two in front and two behind. 

There are three divisions of the order: Oypaeli, or 
Swifts, Goat  suckers, and Humming-birds; Cuouli, or 
Cuckoos, Kingfishers, Trogons, Toucans, Hornbills, and 
Hoopoes ; and Pici, or Woodpeckers. These Eirds are not 
musical, and only ordinary fliers. They feed on Insects 
or fruit. The majority make nests in the hollows of old 
trees ; but the Cuckoos lay in the nests of other Birds. In 
climbing, the Woodpeckers are assisted by their stiff tail. 
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10. Psittad, or Parrots.— 
arched npper bill, with & cer 



Fia. SIS.— U«Bd of a FJy-i 

and movable tongue, and paire 
ly, brilliant plumage. They I 
fruits, ijuch are the Parrots, P 

11. Insessores, or Perchors. — ' 
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meroas and varied in the whole class. It compreheDds all 
thoee trtbc4~Whicli live habitnal); among trees, excepting 
the Eapacious and 
Climbing Eirds, and 
ffliose toes — three 
in-front, and one be- ' 
hind — are eminently 
fitted for perching 
only. The legs are 
slender, and seldom 
nsed for locomo-. 
tion. 

They are divisible 
into two sections : 
a. ClamatoreB, with 
nothing in common 
but a harsh voice. In 
most, the tarsus is 
enveloped in a row 
of plates, which meet 
behind in a groove, 
and the bill broad, 
and bent down ab- 
rnptly at the tip. 
The typical repre- 
sentatives are the 
Tyrant Fly-catchers. 
h. Oaoinea, or Song- 
sters, all of whom 
have a vocal appara- 
tns, though all do 
not sing. The an- 
terior face of the 
tarsus is one continuous plate, or divided transversely 
into large scales; and the plates on the sides meet be- 
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hind in a ridge. The toes, alwaj 
one behind, are on the same level 



ally colored. Here belong the Kavens, i 
of-ParadiBe, Blackbirds, Orioles, Lark 
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agersy Wax-wings, Swallows, Wrens, Warblers, Thrashes, 

etc. 

Class V. — Ifammalla. 

Mammals are distinguished from all other Vertebrates 
bj any one of the following characters : they suckle their 
young ; the thorax and abdomen are separated by a per- 
fect diaphragm ; the red corpuscles of the blood have no 
nucleus, and are therefore double-concave; and either a 
part or the whole of the body is hairy at some time in 
the life of the animal."' 

They are all warm-blooded Vertebrates, breathing only 
by lungs, which are suspended freely in the thoracic cav- 
ity ; the heart is four-chambered, and the circulation is 
double, as in Birds; the aorta is single, and bends over 
the left bronchial tube ; the large veins are furnished with 
valves ; the red corpuscles differ from those of all other 
Vertebrates in having no nucleus and in being circular 
(except in the Camel) ; the entrance to the windpipe is 
always guarded by an epiglottis ; the cerebrum is more 
highly developed than in any other class, containing a 
greater amount of gray matter and (in the higher orders) 
more convolutions; the cerebellum has lateral lobes, a 
mammalian peculiarity, and there is a oorpi^ caUo&um 
and a j>on8 varolii; the cranial bones are united by 
sutures, and they are fewer than in cold-blooded Verte- 
brates ; the skull has two occipital condyles, a feature 
shared by the Amphibians; the lower jaw consists of 
two pieces only (often united), and articulates directly 
with the cranium ; with four exceptions there are always 
seven cervical vertebrae ;"* the dorsal vertebrsa, and there- 
fore the ribs, vary from ten to twenty-four ; the lumbar 
vertebrsd number from two to nine ; the sacral from three 
to nine, and the caudal from two to forty-six ; the articu- 
lating surfaces of the vertebraB are generally flat ; the 
fore-limbs are never wanting, and the hind-limbs only in 
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a few aquatic forms ; excepting the 
riee a nail, claw, or hoof ; the teeth 
in certain low 
sockets ; the id 
hielipe; anext 
sent ;'" the eye 
thongh rudimei 
ing animals ; t 
and, finally, am 
while in all othe 
is developed fn 
laid up in the eg 
it draws its bo 
the beginning, 
parent, and, afti 
tained for a tiin 
creted by the 
From the first, t 
care for itself, 
mal is in vital cc 
parent. 



Fio. B».— Langlliidiiial Section "^L ^ 

nrBDDUii] Boij (ttieontlcst): ^ ^_j^^ 
a, lerebro-fpipiil neironi eye- 

tsm; fr,CBylt;oriioee; <t,CBV- Fia. BBO. — TruKvene 8 

it; or moDIh ; d, sllmantary ( ttaeoretlckl ) : a, cere! 

cansl; e, ctaHlD oT ejmpattaet- contained In netirBl t 

Ic RaiiKlla ; /, bearli g, din- tbelic RinglUi d, alln 

phragm. A, tuemal tube. 

Subclass I. — Omlthodelph: 
These Mammals have but one outlet 1 
nrinary and reproductive organs, as in 1 
implacental. There is bnt one order. 
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1. Monotremata. — This order inclndefl two singalar 
fomiB,tho Diiek-mole {OmitAorhynohus) and Spiny Ant- 
eater {Echidna), both confined to tlie Anstralian conti- 
nent and New Gninea. The former has a covering of 
far, a bill like that of a Dnck, and webbed feet. The lat- 
ter ie covered with spines, has a long, toothless snont, like 
the Ant-eater's, and the feet are not webbed. Both bur- 



Fie. esi.— Ordllborbfucbiii, 

row, and feed upon Insects. The brain is smooth in the 
Ornithorhynchua, and folded in the Echidna. In both, 
the cerebral hemispheres are loosely united by transverse 
fibres, and do not cover the cerebeUum and olfactory 
lobes.'" 

SoBCLABS II. — DidelpMa. 

In tliese implacental Mammals the ntema is divided 
into two parts, 

2. Marsupiaiia are distinguished by the fact that the 
jonng, always bom premature, are transferred by the 
mother to a pouch on the abdomen, where they are at- 
tached to the nipples, and the milk is forced into their 
months by special muscles.'" They have " marsupial 
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bones " ppjeeting from the pelvi. 
BDpport the pouch ; but as the Mon 
boDeB,biit no pouch, they donbtless 
tion. These bones are peculiar to a 
centa, namely, to Monotremes and JA 
of Marsupials resemble those of thi 
that the cerebrnm of the Kangaroo 
lobes. All have the four kinds of i 
ered with fnr, never with spines oi 
Opossums of America, all are restric 
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adjacent islands. The Marsupials are 
Mammals of Australia, a few species of 
being the only placental Mammals. The 
here developed into forms correspondir 
to the orders of placental Mammals in 
world. The Kangaroos take the place < 
bivores — the Ungulates. The Thylacini 
are the marsupial camivora. Other for 
like in shape and habits, and still others j 
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Sdbclabs III. — Uonodelphia or Flaoent&I Mammala 
In these MammalB tlie young are coDDected with the 
mother by meaDs of a vascular Btrnctnre, the placenta, by 
which they are nonriBlied. They are horo in a relatively 
perfect condition. 

3. Sientaia. — This etraoge order contains very diverse 
forms, as the leaf-eating Sloths and the insectivorous Ant- 
eaters and Armadillos of Sonth America, and the Pango- 
lin and Orycteropas of the Old World. The gigantic fo's- 
sila, Megatherium and 
Glyptodon, belong to 
this group. The Sloths 
no. ii«._skaii ot tb« Qre.t A-K.wr (ifym«- ^"<^ Ant-eatcrs are cov- 
in^/haga jaiaun : IS, Biiaai ; 11, fnmisi ; T, p»- ercd with coarse hair ; 

lieCali B, BuperocclplUI-. 3, occipital candjlw; 

S8, trmpauic : Ts, uchrrmai ; ss, lower mandi- theArmadUlosandPan- 

ble. Teeth irODtiDiF. ,. , , . 

goiins,.with an armor of 
plates or scales. The Ant-eaters and Pangolins are strict- 
ly edentate, or toothless^ the rest have molars, wanting, 
however, enamel and roots. In general, it may be said 
that the order includes all quadrupeds having separate, 
clawed toes and no incisors. The Sloths are arboreal ; the 



Fis. 834— Aimndlllo lDati/pii»). 



others bnrrow. The brain i 
of the Aut-eater is coin'olntt 
losum ; but ia all the cereb 
tory lobes are exposed. 

4. Modentia, or Gnawers, a 
curved incisors in each jaw, 
petually growing ; they are sj 



no. S3D.— Skall of I Rodent [Capulara): K 
IHI' 1 2T, ■qnamoul ; Is, lachrynisl ; IB, nn 
iinntniilLj dereloped : i,inciBDrei a,anEle 

Separated from them by a wi 
wanting), are the flat molars, a 
ing. The lower jaw has lon{ 
work freely backward and for- 
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More than one half of all known Mammals are itodents. 
They range from the equator to the poles, over every con- 
tinent, over monntaius and plains, deserts and woods. The 



Fia. S9T.— Beiver (CUMat CWudtntii). Nortb Amarlca. 

more important representatives are the Porcupines, Capy- 
baras. Guinea-pigs, Hares, Mice, Hats, Squirrels, and Bea- 
vers. The Capybara and Beaver are the giants of the 
race. 

5. Insectivora are diminutive, insect-eating animals, 
some, as the Shrew, being the smallegt of Mammals. 

They have small, smooth brains, 
which, as in the preceding orders, 
leave uncovered the cerebellum 
and olfactory lohes. Tlie molar 
teeth bristle with sharp, pointed 
cusps, and are associated with ca- 
pio.338.-S(irewMuiiM(sorH;). jjj^gg ^^j incisors. They have a 

long muzzle, short legs, and clavicles. The feet are formed 
for walking or grasping, and are plantigrade, five-toed, and 
clawed. The Shrew, Hedgehog, and Mole are examples. 

6. Cheiroptera, or Bats, repeat the chief characters of 
the Insectivores; but some (as the Flying-fox) are frait- 
eaters, and have corresponding modifications of the teeth. 
They are distinguished by their very long fore-limbs, 
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which are adapted for flight, the £ 
ly lengthened, and united by a nw 
toes, and one or two of the fingers, i 



FiQ.SSB.— Bat (Vapertaio). 

naile. The clavicles are remarkably i 
num is of great strength ; but the wh 
tremely light, though not filled with aii 
eyes are small, the ears large, and the 
very acute. The favorite attitude of a 
is that of EUBpension by the claws, with 
They are all nocturnal. 




Fib. SIO.— Skelstoo of b Bat. 
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7. Cetacea, or Wliales, have the form and life of Fishes, 
yet they poBeees a higher organization than the preceding 
orders. They have a broad brain, with many and deep 
foldings; the foramen magnum of the eknll is entirely 
posterior; the whole head is disproportionately large, and 
the jaws greatly prolonged. The body is covered with a 
thick, smooth skin, with a layer of fat (" blabber") nnder- 



Fia.Ml OaUlueartbeSpenn-whBls l,PhvtUr): a, bloir-bole; b, the can cantdn- 

ing ■permacetL ; c,]iid1i; d, bnncb ut tbe ueck-b«tweeD it HUd the coroer of tbs 
moDtb ts tbe eje; h, bamp: i, rMffi : t, ibe snull; /, Ull, or nDkee. Belwecn 
Iha dotted Llnei ■» the spiral etrlpa of blabber. Uixlmaiii leagtb, liitj feet. 
SodUi Atlantic 

neath; there are no clavicles; the hind-limbs are want- 
ing, and the front pair changed to paddles; the tail ex- 
pands into a powerful, horizontal fin ; neck and external 
ears are wanting ; the eyes small, with only two lids ; the 
nostrils ("blow-holes") — double in the Whale, single in 
the Porpoise — are on the top of the head. All are carniv- 
orons, and essentially marine, a few Dolphins only be- 
ing found in the great rivers. In the Whalebone Whales, 
the teeth are absorbed, and disappear before birth, and 
their place is supplied by horny "baleen" plates. "The 
Whale feeds by putting this gigantic strainer into opera- 
tion, as it swims through the shoals of minute Mollnsks, 
Crustaceans, and Fishes, which are constantly found at the 
surface of the sea. Opening its capacious mouth, and al- 
lowing the sea-water, with its multitndinons tenants, to fill 
the oral cavity, the Whale shuts the lower jaw npon the 
baleen plates, and, straining out the water through them, 
swallows the prey stranded upon its vast tongue." In the 
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Fis. ua.— Greenland Wbale (£al>Fiu myalieeliiii 

othtr Cetaceans teeth are developed, 
phins and Porpoises ; but the Sperm W 
in the lower jaw, and tlie Narwhal can 
tnsk. The Dolphins are the only Ma 
orgiin of smell. 

8. Sirenia resemble the Cetaceans in bI 
\y allied to the hoofed animals in or^ 
have the limbs of the Whales, and are i 
are herbivorous, and frequent great rive 
They have two sets of teeth, the Cjetat 
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F». MB.— Troop (>ru..l|>hlu8, wltb MuiinUe iu tbe disUnce. 

one. They have a narrow brain ; bristles scantily cover- 
ing the body ; and nostrils placed on the snout, which is 
large and fleshy. The living representatives are the Mar 
natee, of both sides of the tropical Atlantic Ocean, and the 
Dngong, of the East Indies. 

9. Proboacidia. — This race of giants, now nearly ex- 
tinct, is characterized by two upper incisors iu the form of 
tusks, mainly composed of dentine (ivory). In the extinct 
Dinotherium the tnsks projected from the lower jaw ; and 
in the Mastodon, from both jaws. Canines are wanting. 
The molars are few and large, with transverse ridges (Ele- 
phant) or tubercles (Mastodon). The cerebrum is large 
and convoluted, but does not cover tbe cerebellum. The 
skull is enormous, the size arising in great measure from 
the development of air-cavities between the inner and 
outer plates. The nose is prolonged into a flexible trunk, 
which is a strong and delicate organ of prehension. There 
are four massive limbs, each with five toes incased in 
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broad, shallow hoofs, and also with a thick, tegnmentsry 
pad. The knee is below and free from the body, as in 
Monkeys and Men. Clavicles are wanting. The body of 
the Elephant is nearly naked ; but the Mammoth, an ex- 
tinct species, had a covering of long woolly hair. Ele- 
phants live in large herds, and subsist on foliage and grass. 
There are but two living species : the Asiatic, with long 
head, concave forehead, small ears, and short tusks ; and 
the African, with round head, convex forehead, large ears, 
and long tusks.'" 

10. Ungulata, or Hoofed Quadrupeds. — This large or- 
der, comprehending many animals most useful to Man, is 
distinguished by four well-developed lirabs, each furnished 
with not more than four complete toes, and each toe in- 
cased in a hoof. The leg, therefore, has no prehensile 
power; it is only for support and locomotion. Clavicles 
are wanting ; and the radius and ulna are so united as to 
prevent rotation. There are always two sets of teeth, i. e., 
milk-teeth are succeeded by a permanent set. The grind- 
ers have broad crowns. As a rule, all are herbivorous. 
The brain is always convoluted, but the cerebellum is 
largely uncovered. 

Ungulates are divided into the odd and even toed. a. 
The Odd-toed, as the three-toed Ehinoceros and Tapit,"' 
and the one-toed Horse.'" The first is distinguished by 
its very thick skin, the absence of canines, and one or two 
horns on the nose. The Tapir has the four kinds of teeth, 
and a short proboscis. The dental formula of the Horse 
is — 

i |5|, c J^, pm |=|, w 1=1 = 40. 

The canines are often wanting in the mare. The Horse 
walks on the third finger and toe. The metacarpals and 
metatarsals are greatly elongated, so that the wrist and 
>i«.fi1 nrp Toifu-A to thft middlft nf the les-. h. Thfi Vh\en-i/)fA 
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UngnUtes — Ht^, Hippopotamm, and Baminants — Iiave 
two or four toes. The Hog and Hippopotamng hare th« 



Fie. 3M. — ludiiui Kktuocarus (/L untomi^ 

four kinds of teeth, and, in tbe wild state, are vegetarian. 
The Ruminants have two toes on each foot, enveloped in 
lioofs wliich face each other by a flat side, so that they ap- 
pear to be a single hoof split or "cloven." Usnally there 
are also two supplementary hoofs behind, but they do not 
ordinarily toneh the ground. All chew the cud, and have 
H complicated stomach. They have incisors in the lower 
jaw only, and these are apparently eight; but the two 
outer ones are canines.'" The molars are flat, typical 
grinders. The dental formula of the Ox is — 
i"^, c^^,pm^^, mirif — 32. 

With few exceptions, as the Camel, all Bnniinants have 
horns, which are always in pairs. Those of the Deer are 
solid, bony, and deciduous ; those of tbe Giraffe and Ad- 



I Red Deer (O 

telope are solid, horny, and j 
Sheep, and Ox they are hollow, 
11. Carniv<tra, or Beasts of P 
their four long, curved, acute, i 
tween the incisors and canines 
reception of the low- 
er canine, and molars 
graduating from a tu- 
berculate to a trench- 
ant form, in propor- 
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Fis. S4I.— Wolf (LiipfK occfdeiilaliii). Ualted Btatei . 



six in each jaw. There are always two sets. The 

ekall is comparatively Biuall, the jawB are shorter and 
deeper than in Un- 
gnlates, and there 
arennmeronsbony 
ridges on the in- 
side and outside 
of the craniuui — 
the high occipital 
crest being special- 
ly characteristic. 
The cerebral hem- 
ispheres are joined 
by a large corpus 
callosnm, but the 
cerebellum is nev- 
er completely cov- 
ered. Both pairs 
o£ limbs are well 
developed, the 
front being pre- 
hensile; but the 
clavicles are nidi- 
mentary. Thehn- 
merus and femur 
are mainly en- 
closed in the body. 
The digits, never 
less than four, al- 
ways have sharp 
and pointed 
claws."' The body 

is covered with abundant hair. 
Carnivores are divided according to the modifications 

of the limbs ; a. Pinnigradea, having short feet expanded 




— ned PonFulpMAInus). Duiied Slatea. 



vertebeat; 

into webbed paddlea for swimming, 
boand in with the skia of the tail 
Walrus, and Eared Seals, or Sea-lior 
which the whole, or nearly the w 
forms a sole, and rests on the gronn 
retractile ; the ears are small, and ti 
gers, and Eaccoons are well-known 
grades keep the heel raised above th 

the tofis. The mainn'^v havfi Intiw 
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Btead of a nail. The cerebram is relatirel; sinall, and 
flattened, and does not cover the cerebellnm and olfactory 
lobes,'" They are found 
mainly in Madagascar. 

1 3. Primaiee, the head 
of the kingdom, are char- 
acterized by the posses- 
sion of two hands and 
two feet. The thigh is 
free from the body, and 
all the digits are fnr- 
niBhedwithnaile, the first 
FiQ. an.— Lemur (^.ruter). MaaigaKar. OQ the foot enlarged to a 
"great toe." Throughont the order, the hand is eminently 
or wholly prehensile, and the foot, however prehensile it 
may be, k always locomotive.'" The clavicles are perfect. 
The eyes are sitnated in a complete bony cavity, and 
look forward. There are two sets of teeth, all enamelled ; 
and the incisors number four in each jaw. They are 
divided into Monkeys and Apes, and Man. 

Tlie Monkeys of tropical America have, generally, a 
long, prehensile tail; the nostrils are placed far apart, 
so that the nose is wide and flat ; the thumbs and great 
toes are fitted for grasping, bnt are not opposable to the 
other digits; and they have four molars more than the 
Apes or Man — that is, thirty-six teeth in all. In the 
Apes of the Old World the tail is never prehensile, and 
is sometimes wanting; the nostrils are close together; 
both thumbs and great toes are opposable; and the teeth, 
though numbering the same as Man's, are uneven (the 
incisors being prominent, and the canines large), and the 
series is intemipted by a gap on one side or other of 
the canines. Their average size is much greater than 
that of the Monkeys, and they are not so strictly arboreal. 
In both Monkeys and Apes, the cerebrum covers the cere- 
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all the Primates bat Man, the body is clothed with liair, 
which 18 generall; longest on the back. Several Mon- 
kejB and Apes have a beard, as the Howler aod Orang. 



Fia. SKS,— female Oruug-ntua (fKim pbniuj^ntph). Borneo. 

The Orang is the least human of all the anthropoid 




Fia. sat, — Skeletons of Mao, Cbimpaniee, aud Otbdie. 



VEKT 

Apes as regards the ekeletc 
in the form of the brain. 
Man more closely in the i 
teeth, and the proportional 8 
ie most Man-like in bulk (8< 
of five feet six incheel. in t 
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grade; the leg bears vertically upon it; the heel and 
great toe are longer than in other Primates; and the 
great toe is not opposable, bnt is used only as a fnlcram 
in locomotion. The Gorilla has both an inferior hand 
and inferior foot. The hand is clumsier, and with a 
shorter thumb than Man's; and the foot is prehensile, 
and is not applied flat to the ground."* 

The scapular and pelvic bones are extremely broad, 
and the neck of the femur remarkably long. Man is 
also singular in the double curve of the spine : the Ba< 
boon comes nearest to Man in this respect. 

The human skull has a smooth, rounded outline, ele- 
vated in front, and devoid of crests. The cranium great- 
ly predominates over the face, being four to one;"' and 
no other animal (except the Siamang Gibbon) has a chin. 

Man stands alone in the peculiarity of his dentition : 
his teeth are vertical, of nearly uniform height, and close 
together. In every other animal the incisors and canines 
are more or less inclined, the canines project, and there 
are vacant spaces."* 

Man has a longer lobule to his ear than any Ape, and 
no muzzle. The bridge of his nose is decidedly convex ; 
in the Apes generally it is flat. 

Man has been called the only naked terrestrial Mam- 
mal. His hair is most abundant on the scalp; never on 
the back, as in the Apes. 

Man has a more pliable constitution than the Apes, as 
shown by his world-wide distribution. The animals near- 
est him soon perish when removed from their native placea 

Though Man is excelled by some animals in the acute- 
ness of some senses, there is no other animal in which all 
the senses are capable of equal development. He only 
has the power of expressing his thoughts by articulate 
speech, and the power of forming abstract ideas. 

Man differs from the Apes in the, absolute size of 
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FiQ. IK»E.— Aoetnllan Savage, 

brain, and in the greater complexity and less symmetrical 
diBposition of its coDvolutione. The cerebmm is larger 
in proportion to the cerebellum (being as S^ to 1), and 
the former not only covers the latter, but projects beyond 
it. The brain of the Gorilla scarcely amounts to one 
third in volume or one half in weight of that of Man. 




Fie. 369.— Skull of Koropam. F19. SW.— Skull of Negro, 

Yet, 60 far as cerebral structure goes, Man differs lees 
from the Apes than they do from the Monkeys and Le- 
murs. The great gulf between Man and the brute is not 
physical, but psychical.'" 
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CHAPTER XXIII. 

THE DISTEIBUTION OF ANIMALS. 

Life is everywhere. In the air above, the earth be- 
neath, and the waters under the eailh, we are surrounded 
with life. Nature lives : every pore is bursting with life ; 
every death is only a new biith, every grave a cradle. 
The air swarms with Birds, Insects, and invisible animal- 
cules. The waters are peopled with innumerable forms, 
from the Protozoan, millions of which would not weigh a 
grain, to the Whale, so large that it seems an island as it 
sleeps upon the waves. The bed of the sea is alive with 
Crabs, Shells, Polyps, Star-fishes, and Foraminifera. Life 
everywhere — on the earth, in the earth, orawling, creep- 
ing, burrowing, boring, leaping, running. . 

Nor does the vast procession end here. The earth we 
tread is largely formed of the debris of life. The quarry 
of limestone, the flints which struck the fire of the old 
Revolutionary muskets, are the remains of countless skele- 
tons. The major part of the Alps, the Rocky Mountains, 
and the chalk cliffs of England are the monumental rel- 
ics of by-gone generations. From the ruins of this living 
architecture we build our Parthenons and Pyramids, our 
St. Peters and Louvres. So generation follows generation. 
But we have not yet exhausted the survey. Life cradles 
within life. The bodies of animals are little worlds hav- 
ing their own fauna and fiora. In the fiuids and tissues, 
in the eye, liver, stomach, brain, and muscles, parasites are 
found ; and these parasites often have their parasites liv- 
ing on them. 
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'* Great fleas have little fleas and smaller fleas to bite 'em ; 
And these again ha?e other fleas, and so cui infinitum," 

Thus the ocean of life is inexhaustible. It spreads in 
every direction, into time past and present, flowing every- 
where, eagerly surging into every nook and comer of cre- 
ation. On the mountain-top, in the abysses of the Atlan- 
tic, in the deepest crevice of the earth's crust, we find 
traces of animal life. Nature is prodigal of space, but 
economical in filling it."* 

Animals are distributed over the globe according to 
definite laws, and with remarkable regularity. 

Each of the three great provinces. Earth, Air, and Wa- 
ter, as also every continent, contains representatives of all 
the classes; but the various classes are unequally repre- 
sented. Every great climatal region contains some species 
not found elsewhere, to the exclusion of some other forms. 
Every grand division of the globe, whether of land or 
sea, each zone of climate and altitude, has its own fauna. 
And, in spite of the inany causes tending to disperse ani- 
mals beyond their natural limits, each country preserves, 
its peculiar zoological physiognomy. 

The space occupied by the different groups of animals 
is often inversely as the size of the individuals. Compare 
the Coral and Elephant. 

The fauna now occupying a separate area is closely al- 
lied to the fauna which existed in former geologic times. 
Thus, Australia has always been the home of Marsupials, 
and South America of Edentates. 

It is a general rule that groups of distinct species are 
circumscribed within definite, and often narrow, limits. 
Man is the only cosmopolitan ; yet even he comprises sev^ 
eral marked races, whose distribution corresponds with the 
great zoological regions. The natives of Australia are as 
grotesque as the animals. Certain brutes likewise have a 
great range : thus, the Puma ranges from Canada to Pata- 
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gonia ; the Musk - rat, from the Arctic Ocean to Florida ; 
the Ermine, from Behring's Straits to the Himalayas ; and 
the Hippopotamus, from the Nile and Niger to the Orange 
Eiver/" 

Frequently, species of the same genus, living side by 
side, are widely different, while there is a close resem- 
blance between forms which are antipodes. The Mud-eel 
of South Carolina and Menobranchus of the Northern 
States have their relatives in Japan and Austria. The 
American Tapir has its mate in Sumatra ; the Llama is 
related to the Camel, and the Opossum to the Kangaroo. 

The chief causes modifying distribution are tempera- 
ture, topography, ocean and wind currents, humidity and 
light. To these may be added the fact that animals are 
ever intruding on each other's spheres of existence. High 
mountain -ranges, wide desei'ts, and cold currents in the 
ocean are impassable barriers to the migration of most 
species. Thus, river- fish on opposite sides of the Andes 
differ widely, and the cold Peruvian current prevents the 
growth of coral at the Galapagos Islands. So a broad 
river, like the Amazons, or a deep, narrow channel in the 
sea, is an effectual barrier to some tribes. Thus, Borneo 
belongs to the Indian region, while Celebes, though but a 
few miles distant, is Australian in its life. The faunae of 
North America, on the east coast, west coast, and the open 
plains between, are very different. 

Animals dwelling at high elevations resemble those of 
colder latitudes. The same species of Insects are found 
on Mount Washington, and in Labrador and Greenland. 

The range does not depend upon the powers of loco- 
motion. The Oyster extends from Halifax to Charles- 
ton, and the Snapping -turtle from Canada to the equa- 
tor; while many Quadrupeds and Birds have narrow hab- 
itats. 

The distribution of any group is qualified by the nature 
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of the food. Carnivores have a wider range than herbi- 
vores. 

Life diminishes as we depart from the eqoator north 
or sooth, and likewise as we descend or ascend from the 
level of the sea. 

The zones of geography have been divided by zoolo- 
gists into narrower provinces. Five vertical regions in 
the sea have been recognized : the Littoral, extending be- 
tween tide -marks; the Laminarian, from low water to 
fifteen fathoms; the Coralline, from fifteen to twenty 
fathoms ; the deep-sea Coral, from fifty to one hundred 
fathoms; and the Bathybian, from. one hundred fathoms 
down ; but since life has been found to extend to great 
depths in the ocean — as great as three thousand fathoms 
— these divisions are of little importance. Every marine 
species has its own limits of depth. It would be quite as 
difficult, said Agassiz, for a Fish or a Mollusk to cross 
from the coast of Europe to the coast of America as for a 
Beindeer to pass from the arctic to the antarctic regions 
across the torrid zone. Marine animals congregate mainly 
along the coasts of continents and on soundings. The 
meeting - place of two maritime currents of different tem- 
peratures, as on the Banks of Newfoundland, favors the 
development of a great diversity of Fishes. 

Every great province of the ocean contains some repre- 
sentatives of all the subkingdoms. Deep-sea life is diver- 
sified, though comparatively sparse. Examples of all the 
five invertebrate divisions were found in the Bay of Bis- 
cay, at the depth of two thousand four hundred and thir- 
ty-five fathoms."' 

Distribution in the sea is infiuenced by the temperature 
and composition of the water and the character of the 
bottom. The depth acts indirectly by modifying the 
temperature. Northern animals approach nearer to the 
equator in the sea than on tlie land, on account of cold 
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currents. The heavy aquatic Mammals, as Whales, Wal- 
ruses, Seals, and Porpoises, are mainly polar. 

The land consists of the following somewhat distinct 
areas : the Neotropic, comprising South America, the West 
Indies, and most of Mexico; the Nearctic, including the 
rest of America ; the Patearctic, composed of the eastern 
continent north of the Tropic of Cancer, and the Hima- 
layas; the Ethiopian, or Africa south of the Tropic of 
Cancer; the Oriental, or India, the southern part of Chi- 
na, the Malay Peninsula, and the islands as far east as 
Java, Borneo, and the Philippine Islands ; and the Aus- 
tralian, or the eastern half of the Malay Islands and Aus- 
tralia. These are Mr. Wallace's regions. Other writers 
unite the northern parts of both hemispheres into one 
region, and the Oriental with the Ethiopian regions. 

Life in the polar regions is characterized by great uni- 
formity, the species being few in number, though the 
number of individuals is immense. The same animals in- 
habit the arctic portions of the three continents ; while the 
antarctic ends of the continents, Australia, Cape of Good 
Hope, and Cape Horn, exhibit strong contrasts. Those 
three continental peninsulas are, zoologically, separate 
worlds. In fact, the whole southern hemisphere is pecul- 
iar. Its fauna is antique. Australia possesses a strange 
mixture of the old and new. South America, with newer 
Mammals, has older Reptiles; while Africa has a rich 
vertebrate life, with a striking uniformity in its distribu- 
tion. Groups, old geologically and now nearly extinct, 
are apt to have a peculiar distribution ; as the Edentata in; 
South America, Africa, and India ; the Marsupials in Aus- 
tralia and America ; the Ratitse in South America, Africa, 
Australia, and New Zealand. 

In the tropics, diversity is the law. Life is more varied 
and crowded than elsewhere, and attains its highest devel- 
opment. 
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The New-world fauna is old-fashioned, and inferior in 
rank and size, compared with that of the eastern con- 
tinents. 

As a rale, the more isolated a region the greater the 
variety. Oceanic islands have comparatively few species, 
but a large proportion of endemic or peculiar forms. Ba- 
trachians are absent, and there are no indigenous terrestrial 
Mammals. The productions are related to those of the 
nearest continent. When an island, as Britain, is sepa- 
rated from the mainland by a shallow channel, the mam- 
malian life is the same on both sides. 

Protozoans, Coelenterates, and Echinoderms are limited 
to the waters, and nearly all are marine. Sponges are 
mostly obtained from the Grecian Archipelago and Baha- 
mas, but species not commercially valuable abound in all 
seas. Coral-reefs abound throughout the Indian Ocean 
and Polynesia, east coast of Africa, Red Sea, and Persian 
Gulf, West Indies, and around Florida ; and Corals which 
do not form reefs are much more widely distributed, be- 
ing found as far north as Long Island Sound and Eng- 
land. Crinoids have been found, usually in deep sea, in 
very widely separated parts of the world — off the coast of 
Norway, Scotland, and Portugal, and near the East and 
West Indies. The other Echinoderms abound in almost 
every sea : the Star-fishes chiefly along the shore, the Sea- 
urchins in the Laminarian zone, and the Sea-slugs around 
coral-reefs. Worms are found in all parts of the world, 
in sea, fresh water, and earth. They are most plentiful 
in the muddy or sandy bottoms of shallow seas. Living 
Brachiopods, though few in number, occur in tropical, 
temperate, and arctic seas, and from the shore to great 
depths. Polyzoa have both salt and fresh water forms, 
and Annelids include land forms, as the Earth-worm and 
some Leeches. 

MoUusks have a world-wide distribution over land and 
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sea. The land forms are restricted by climate and food, 
the marine by shallows or depths, by cold currents, by 
a sandy, gravelly, or mud bottom. The Bivalves are also 
found on every coast and in every climate, as well as in 
rivers and lakes, but do not flourish at the depth of much 
more than two hundred fathoms. The fresli-water Mus- 
sels are more numerous in the United States than in 
Europe, and west of the Alleghanies than east. The sea- 
shells along the Pacific coast of America are unlike those 
of the Atlantic, and are arranged in five distinct groups : 
Aleutian, Calif ornian, Panamic, Peruvian, and Magel- 
lanic. On the Atlantic coast. Cape Cod and Cape Hatte- 
ras separate distinct provinces. Of land Snails, Helix has 
an almost universal range, but is characteristic of North 
America, as Bulimus is of South America, and Achatina 
of Africa. The Old World and America have no species 
in common, except a few in the extreme north. 

The limits of Insects are determined by temperature 
and vegetation, by oceans and mountains. There is an 
insect -fauna for each continent, and zone, and altitude. 
The Insects near the snow-line on the sides of mountains 
in the temperate region are similar to those in polar lands. 
The Insects on our Pacific slope resemble those of Europe, 
while those near the Atlantic coast are more like those of 
Asia. Not half a dozen Insects live in the sea. 

The distribution of Fishes is bounded by narrower lim- 
its than that of other animals. A few tribes may be called 
cosmopolitan, as the Sharks and Herrings ; but the species 
are local. Size does not appear to bear any relation to 
latitude. The marine forms are three times as numerous 
as the fresh-water. The migratory Fishes of the northern 
hemisphere pass to a more southern region in the spring, 
while Birds migrate in the autumn. 

Living Eeptiles form but a fragment of the immense 
number which prevailed in the Middle Ages of Geology. 
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Being less nnder the influence of Man, tbey have not been 
forced from tk«ir original habitats. None are arctic. 
America is the iiioet favored spot for Frogs and Salaman- 
ders, and India for SnakeB. Anstralia has no Batrachians, 
and two thirds of its Snakes are venomous. In the United 



States, only twenty-two ont of one liundred and seventy- 
six are venomous. Frogs, Snakes, and Lizards occur at 
elevations of over fifteen thonsand feet. Crocodiles, and 
most Lizards and Turtles, are tropical. 

Swimming Birds, which constitute about one fourteenth 
of the entire class, form one half of the whole number in 
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Greenland. As we approach the tropics, : 
number of land Birds increase. Those oj ; 
are noted for their brilliant plumage, an 
forms for their more sober hues, but swei i 
dia and South America are the richest i 
mers, Tanagers, Orioles, and Toucans are 
New World. Parrots are found in evei 
cept Europe ; and Woodpeckers occur eve ' 
Australia. 

The vast majority of Mammals are ten i 
taceans and Seals belong to the sea. Otters i 
light in lakes and rivers, and Moles are su I 
of Birds, the aquatic species abound in th 
Marsupials inhabit two widely separated a < 
and Australia. In the latter continent 
two thirds of the fauna, while all placentf 
cept Bats and a few Rats and Squirrel . 
Excepting a few species in South Africa £ 
Edentates are confined to tropical South ' 
equine family is indigenous to South and ] ! 
Southern Asia. In North America, Rode i 
one half the number of Mammals; there 
species in Madagascar. Ruminants are s; 
sented in America. Carnivores flourish i 
and continent. The prehensile-tailed MonI 
ly South American; while the anthropoi<; 
to the west coast of Africa, and to Bornec 
Both Monkeys and Apes are most abundant 
tor ; in fact, their range is limited by the i 
palms. 
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' The complete and elaborate natural history of i 
group is called a Monography as Darwin's *'Mono ! 
A Memoir is not so formal or exhaustive, giving i 
tions of a special subject, as Owen^s '* Memoir on tl i 

' Before the time of Linnasus, the Lady-bug, e. g 
nella with red coleopters having seven black spots.'' 
septetnrpunctata, 

• Mandino (1315) and Berenger (1618), of Bologii 
sels (1550), were the first anatomists. Circulatioi 
by Harvey, 1616. The lacteals discovered by Ast! 
phatics by Kudbek, 1650. Willis made the first mil 
and nerves, 1664. The red blood-corpuscles were 
hoek and Malpighi, 1675. Infusoria fii'st observed 
the name given by Miiller, 1786. Swammerdam ^i 
mology, 1675. Comparative anatomy was first cull 
quet, Duverney, and Mery, of the Academy of Pai 
seventeenth century. Malpighi, the founder of strii 
first to demonstrate the structure of the lungs anc 
same time, Ray and Willoughby first classified Fish: 
Foraminifers were seen by Beccarius one hundred 
their true structure was not demonstrated till 1835, I 
published the first elaborate treatise on Corals, 1727. 
distinguish between contractility and sensibility, 175 
cles discovered by Hewson in 1775. Spallanzani wai 
the true nature of the digestive process, 1780. Cuvii 
proposed the first natural classification of animals, 
brates were divided into Insects and Worms. Lami 
Mollusks, 1800; before him, attention was confined 
rated Spiders from Insects in 1812. The law of ci 
Cuvier, 1826. Von Baer was the founder of Embi 
doctrine omnia ex ovoj 1827 ; but the first researcbi 
made by Fabricius about 1600, and by Harvey in II 
century, was the pioneer in observing the phenomena 
first observed alternate generation, 1833. Dumeril 
of Herpetology, and Owen of Odontology. Schlei 
lished their celebrated researches in cell-stnicture, 
died 1802, was the founder of Histology. Protop 
Dujardin in 1835, and called Sarcode, 
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* This twofold division is arbitrary. No essential distinction, fonnded on 
the nature of the elements concerned, or the laws of their combination, can 
be made ; and so many so-called organic substances, as urea, ammonia, alco- 
hol, tartaric and oxalic acids, alizarine, and glacose, have been prepared by 
inorganic methods, that the boundary-line is daily becoming fiiinter, and may 
in time vanish altogether. We would here utter our protest against the in- 
troduction of any more terms like inorganic^ invertebrate, acephalous, etc., 
which express no qualities. 

* Even the works of nearly all animals proceed in curves. 

" London Quarterly Review, January, 1869, p. 142. It is true of any great 
primary group of animals, as of a tree, that it is much more easy to define 
the summit than the base. 

' De Baiy on ** Myxomycetse ;" Darwin on ** Camivorons Plants." 

^ ** There are certain phenomena, even among the higher plants, connected 
with the habits of climbing plants and with the functions of fertilization, 
which it is very difficult to explain without admitting some low form of a 
general harmonizing and regulating function, comparable to such an obscure 
manifestation of reflex nei*vou8 action as we have in Sponges and in other 
animals in which a distinct nervous system is absent." — Prof. Wtyille 
Thom80n*8 Introductory Lecture at Edinburgh, 

' '^ If nature had endowed us with microscopic powers of vision, and the 
integuments of plants hud been rendered perfectly transparent to our eyes, 
the vegetable world would present a very different aspect from the apparent 
immobility and repose in which it is now manifested to our senses." — Hum- 
boldt's Cosmos, i., 341. 

" See Gray's ** Structural Botany," p. 360 ; RoUeston's "Forms of Ani- 
mal Life," p. 143. 

" '*Life has been called the vital force, and it has been suggested that it 
may be found to belong to the same category as the convertible forces, heat 
and light. Life seems, however, to be more a property of matter in a certain 
state of combination than a force. It does no work, in the ordinary sense." 
— Prof. Wtvillb THOMsoy. 

^^ There was a time in our history when a single membrane discharged 
all the functions of life — digesting, respiring, secreting. The separation 
of a heait, lung, stomach, liver, etc., for special duty was an after-considera- 
tion. 

^' The vegetable cell has usually two concentric coverings : cell-wall and 
primordial utricle. In animal cells the former is wanting, the membrane 
representing the utricle. As a general fact, animal cells are smaller than 
vegetable cells. 

^* Cells are not the sources of life, as once thought, but are the products 
of protoplasm. " They are no more the producers of vital phenomena than 
the shells scattered in orderly lines along the sea-beach are the instruments 
by which the gravitation - force of the moon acts upon the ocean. Like 
these, the cells mark only where the vital tides have been and how they 
have acted." — Prof Huxley. 

'* Many of the bones of the skull are preceded by membrane — hence called 
membrane-bones. 
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hgart, the moscuUr fibres are Btriaied, yet tovolantaiy; but tlie 

ii warning. 

amas nre medallarv sheath and white Babslnnce of Schwann. 

r, hoM'erev, infer that the animal functions are not absolutely 
he vegetative, from the hcu that plnnta digest without mus- 
,and that nutrition takes place in the embryo long before the 
en Jeveloped. 
I Eirictly true, for the Eioi and Oak, the Trout and Alligator, 

ind Spiders properly feed upon the juices of their victims 
them witli their jaws, but fragmeota of Insects have heeii 

;ue fiii'ma the floor of the month, and is found as a dbiinct 
Its, an ihe Ciickels. 



IB Mo callous ridges in the mouth, against vvhich ihe 
the action of the tongue. 

s do not represent teath ; for in the embryo of the 
e culcnieous teeth in both jaws, which never cut the 
' is a peculiar development of hair in the pnlate, mid 
it is seen lo be made up of fibres which aie hollow 

) Elephant are prolonged incisors ; those of the Wal- 

^king with Prof. Owen in the Hunterian Museum, 
i.ched, with a request to be informed respeciiiiR the 
which had been dug up by one of his woi'kmen. 
. a small bag, and was about to hand it for e.\am- 
arked, 'That is the third molar of the under- 
of rhinoceros.'" — Lewes'b Slvdio in Animal 

, so characuriatic of the inferior Mammals, is 
ng in the extinct Anoplotberium, is hai'dly per- 
. and is not found in Man. 

the teeth are Hxed to the gnm. 

'.es, and Fishes with pavemenl-leeth, approach 

eriilahic Or vermicular, and characterizes nil 
alimentary canal. 

le no saliva, but a short gullet. Birds ai^ 
f the head. 
■> pliarynx proper, the nostrils and glottis 
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^ The few animals in which the digestive cavity is wanting are called 
agcutric, and agree in having a very simple stracture. Such are some Ento- 
zoa (as Tape- worm) and unicellulai* Protozoa (as Gregarina). They absorb 
the juices, already prepared, by the physical process of endosmose. There 
are other minute organisms which seem to be able to extract the necessary 
elements, C H O N, from the medium in which they live. 

^* The cavity of a Sponge is perhaps homologous with the digestive cavity, 
but is not functionally such. Each cell lining it does its own digestion, tak- 
ing the food from the water circulating in the cavity. 

*^ *' Nothing is more curious and entertaining than to watch the neatness 
and accuracy with which this process is peiformed. One may see tlie rejected 
bits of food passing rapidly along the lines upon which these pedicellariss 
occur in greatest number, as if they were so many little roads for the con- 
veying away of the refuse matters ; nor do the forks cease from their labor 
till the suifdce of the animal is completely clean and free from any foreign 
substance." — Agassiz's Sea-side Studies. 

*^ In the larva of the Bee, the anal orifice is wanting. 

'* The length of the canal in Insects is not so indicative of the habits as in 
Mammals. Thus, it is nearly as long and more complicated in the carnivo- 
rous Beetles than in the honey-sipping Buttei'flies. 

^ The object of this is unknown. It does not occur in the Oyster. • 

*' In the Nautilus, this is preceded by a capacious crop. 

** In the Shark, this is impossible, owing to a great number of fringes in 
the gullet hanging down towards the stomach. 

*^ At the beginning of the large intestine in the Lizards (and in many Ver- 
tebrates above them, especially the vegetaiian orders), there is a blind sac, 
called ccecum. 

** The Crocodile is said to swallow stones sometimes, like Birds, to aid 
the gastiic mill. 

** In the crop of the common Fowl, vegetable food is detained sixteen 
hours, or twice as long as animal food. The Dormouse, among Mammals, 
has an approach to a crop. 

*^ la Invertebrates, the gizzard, when present, is situated between the crop 
and the true stomach ; in Birds, it comes after the stomach. 

*' The Tape-worm has no digestive apparatus, but absorbs the already di- 
gested food of its host. This is no exception to the rule. The chemical 
])reparation of the food has preceded its absorption. 

^^ We find the most abundant saliva in those Mammals that feed on herbs 
and grain, but its action on starch is extremely feeble. 

*^ It is probable that the digestive part of the alimentary canal in nil 
animals manifests a similar mechanical movement. It is most remark- 
able in the gizzard of a fowl, which corresponds to the pyloric end of 
the human stomach. This muscular organ, supplying the want of a mas- 
ticatory apparatus in the head, is powerful enough to pulverize not only 
grain, but even pieces of glass and metal. This is done by two hard 
muscles moving obliquely upon each other, aided by gravel purposely swal- 
lowed by the bird. The grinding may be heard by means of the stetho- 
scope. 



. NOTES. 

^ Chyle is opaqae in carnivores ; more or less i 
tebrates, as in Birds, since the food does not con i 
. *^ In Fishes, the villi are few or wanting. . 
10,000 to the square inch. 

^' Except, perhaps, the tendons, ligaments, epi( 

" The phenomenon produced by these propei i 
traction and diffusion, is called endosmosis, 

'^^ The blood is colorless also in the mnscula [ 
Birds is of the deepest red. The coloring matte : 
is not in the corpuscles, but in the plasma. 

'* Coagulation may be artificially arrested by cc i 
coagulates more rapidly than venous. The di8p< 
in chains, or rouleaux^ does not occur within the i 
has not been discovered. 

** The corpuscles of Invertebrates are nsuall 
blood is tinged. 

*^ Except during the foetal life. The corpusc \ 
nucleated, as in other Mammals. If the transp ' 
examined with a microscope, it will be seen to t 
orless corpuscles, showing their use in repairing in i 

^ There are no valves in the veins of Fishes, < 
few in Birds. 

*' Capillaries are wanting in the epidermis, nails, ] 
Hence, the epidermis, for example, when worn ou 1 
the blood, like other tissues, but is shed. 

'® A part of the blood, however, in going from t 
is turned aside and made to pass through the live 
tion. This is called the portal circulation, and ex ; 
cept that in Birds and Mammals it is confined to t 

*' Two in the higher Mammals, three in the lo \ 
Reptiles. They are called ven(B cavce. 

'^ Tricuspid in Mammals, triangular in Birds. 

«3 The pulse of a Hen is 140; of a Cat, 110 to 1 ! 
and of an Ox, 25 to 42. 

*^ The bivalve Brachiopods breathe by delicate a: : 
by the *' mantle." 

'^ The air-bladder, found in most Fishes, is an< < 
although it is used, not for i*espiration, but for all i 
of the Fish. In the Gar-pike of our Northern lake 
bles a lung, having a cellular structure, a tracheal : 
here functional. The gills represent lungs only in v 
distinct parts of the organism. 

*• In the human lungs they number 600,000,OC» 
inch in diameter, with an aggregate area of 132 sqii 
of the membrane between the blood and the air i: 
lungs of Carnivores are more highly developed than 
the Manatee, they are not confined to the thorax, bi 
the tail. 

25 
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*' Crocodiles are the only Reptiles whose nostrils open in the throat behind 
the palate, instead of directly into the mouth-cavity. This enables the Croc- 
odile to drown its victim without drowning itself; for, by keeping its snoat 
above water, it can breathe while its month is wide open. 

** A rudimentary diaphragm is seen in the Crocodile and Ostrich. 

'* The poison-glands of venomous Serpents and the silk-vessels of Cater- 
pillars are considered to be modified salivary glands. Birds, Snakes, and 
Cartilaginous Eishes have no urinary bladder. 

^^ Since the weight of a full-grown animal remains nearly uniform, it must 
lose as much as it receives ; that is, the excretions, including the solid resid- 
uum ejected from the intestinal canal, equal the food and drink. . 

^' Other names for derm are, cutiSy coriuttij enderon^ and trtie skin; and 
for epidermis, cuticle^ ecderotif and scarf'skin. The derm is often so inti- 
mately blended with the muscles that its existence as a distinct layer is not 
easily made out. Even in Infusoria, we find the tunic double, an outside 
cuticula lined by a soft cortical layer ; and in Jelly-fishes, naturalists distin- 
guish an ectoderm^ endoderm^ and mesoderm. 

" See Fig. 148. Papillse are scarcely visible in the skin of Beptiles and Birds. 

^' The animal basis of this structure is chitine^ a peculiar horn-like substance 
found in the hard parts of all the articulated animals. 

^* The shell is always an epidermal structure, even when apparently internal. 
The horny *'*' pen" of the squid, the *' bone'' of the Cuttle-fish, and the cal- 
careous spot on the back of the Slug are only concealed under a fold of the 
mantle. So the shell of the common Unio, or fresh-water clam, is covered 
with a brownish or greenish membrane, which is the outer layer of the epider- 
mis. Where the mantle covers the lips of a shell, as in most of the large sea- 
snails, or where its folds cover the whole exterior, as in the polished Cowry, 
the epidermis is wanting, or covered up by an additional layer. 

'* The pearls of commerce, found in the mantle of some MoUusks, are simi- 
lar in structure to the shell ; but what is the innermost laver in the shell is 
placed on the outside in the pearl, and is much finer and more compact. The 
pearl is formed around some nucleus, as an organic particle, or grain of sand. 

^' When the centrum is concave on both sides, as in Fishes, it is said to be 
amphiccelous ; when concave in front and convex behind, as in Crocodiles, 
it is called procoelous ; when concave behind and convex in front, as in the 
neck-vertebrsB of the Ox, it is opisthoccelous. In the last two cases, the ver- 
tebra unite by ball-and-socket joints. 

''"' Whether the skull represents any definite number of vertebras is still 
under discussion. We cannot speak of '* cranial vertebrse" in the same 
sense as '* cervical vertebrae." The most that can be said is that in a general 
way the skull is homologous to part of the vertebral column (B). 

""* A few have but one pair, the Whale and Siren wanting the hind pair ; 
while some have none at all, as the Snakes and lowest Fishes. In land ani- 
mnls, the posterior limbs are generally most developed : in aquatic animals, 
the anterior. Dr. Wyman contends that the limbs are tegumentary oi^ns, 
and attached to the vertebral column in the same sense that the teeth are 
attached to the jaws. Other theories are that they originate from gill-arches 
(Gegenbaur) or that they are remains of a once continuous lateral fin (Thacher). 
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^ The first traee of muscular tissue is found in 
Infusorian. In Hydra we find neuro-muscular 
have muscular tissue. 

^ The muscles of some Invertebrates, as Spider 

®' The muscles of the heart and gullet are strip 
these distinctions of voluntary and involuntary, t 
and hollow, muscles can seldom be made. 

" The skeleton of the Carrion-crow, for examp 
twenty-three grains. 

B3 The Dragon-fly can outstrip the Swallow ; nay 
than any bird — it can fly backward and sidelong, t 
forward, and alter its course on the instant without 
ty-eight beats per second with its wings ; while thi 
and ninety, and the House-fly three hundred and th 
horse can double the rate of the Salmon. So that 
and Fish would be the order according to velocity c 

^ The theory that Flies adhere by atmospheric pr 

^ More precisely, the term brain, or brains, appli 
while the total contents of the cranium are called en 

"* The exact functions of the cerebrum are not 
If we remove it from Fishes, or even Birds, their v 
little affected ; while the Amphioxus, the lowest of 
all, but its life is regulated by the spinal cord, i 
however, make no intelligent efforts. The substai 
also the cerebellum, is insensible, and may be cut a 
animal; and when both are thus removed, the animi 
but not consciousness. 

^^ It is very difficult to define sensation, or sensibii 
sessed by' animals which have neither nervous sys 
These low manifestations of sensibility are called in 
which an animal is capable of definitely responding t 
out. The response is not called out by the direct ac 
is determined mainly by the internal structure and cc 

®^ Farts destitute of blood-vessels, as hair, teeth, i 
not sensitive. The impressibility of the nerves is pr 
ity of circulation. According to the recent investigt 
the channels of motor and sensitive impressions lie ir. 
the anterior and posterior, columns of the spinal cord. 

" ** Tentacles** and "horns*' are moi'e or less re 
are not, but all are hollow. AntennsB alone are joint< 

'® In Man, the soft palate and tonsils also have the 

•* No organ of hearing has been discovered with c€ 
and Spiders. The "ear" of many lower animals is 
perceiving the animal's position rather than sound — ar 

^ It is wanting in the aquatic Mammals. Crocodil 
sentative of an outside ear in the form of two folds of i 

*^ This, like the definition of smell and hearing, is 1 
is no such thing as sound till the vibrations strike th 
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then,, for it is the work of the brain, not of the anditory nerve. Sonnd is 
the sensation produced by the wave-movement of the air. If tbas defined 
in terms of sensation, light is nothing ; without eyes the world woald be 
wrapped in darkness. Some Protozoa have a pigment spot as an eye. 

'* In Invertebrates and aquatic Vertebrates, the crystalline lens is globu- 
lar ; or, in other words, it is round in short-sighted animals, and flattish in 
the long-sighted. The lens of the Invertebrate is not exactly the same as 
the lens of the Vertebrate eye, though it performs the saine function ; it is 
really a part of the cornea. 

** The Ant has fifty in each eye, the Hoase-fly four thousand, the Dragon- 
fly twenty-eight thousand. 

*' The pigment, therefore, while apparently in front of the retina, is really 
behind it, as in Vertebrates. The layer beneath the cornea, serving as an 
''iris,^' is wanting in nocturnal Insects, since they need every ray of light. 
The optic nerve alone is insensible to the strongest light. 

'^ It should be noticed that this corresponds with another peculiar fact 
already mentioned, that either hemisphere of the bitiin controls the muscles 
on the opposite side of the body. In Invertebrates, the motor apparatus is 
governed on its own side. 

'* Sharks have eyelids, while Snakes have none. The third eyelid (called 
nictitatinff membrane) is rudimentary in many Mammals. 

'* An infiint would doubtless learn to walk if brought up by a wild beast, 
since it was made to walk. Just as an Infusorium moves its cilia, not be- 
cause it has any object, but because it can move them. New-born puppies, 
deprived of brains, have suckled ; and decapitated Centipedes run rapidly. 
Such physical instincts exist without mind, and may be termed ** blind im- 
pulses." 

^o<^ We say ''apparently," because it may be a fixed habit, first learned by 
experience, transmitted from generation to generation. A duckling may go 
to the water, and a hound may follow game in some sense, as Sir John Her 
schel takes to astronomy, inheriting a taste from his father. Breeders take 
advantage of this power of inheritance. 

*®^ We may divide the apparently voluntary actions of animals into three 
classes. First, organicy in which consciousness plays no part, and which are 
due wholly to the animal machine. Second, instinctive, in which conscious- 
ness may be present, but which are not controlled by intelligence. Third, 
associative, in which the animals act under conscious combination of distinct, 
single ideas, or past impressions. To these we may add rational acts, in 
which the mental process takes place under the laws of thought. 

loa ((xhus, while the human organism may be likened to a keyed instru- 
ment, from which any music it is capable of producing can be called forth at 
the will of the performer, we may compare a Bee, or any other Insect, to a 
barrel-organ, which plays with the greatest exactness a certain number of 
tunes that are set upon it, but can do nothing else.*' — Carpenter^s Mental 
Physiology, p. 61. This constancy may be largely due to the uniformity of 
conditions under which Insects live. 

io> We may say, as a rule, that the proportion of instinct and intelligence 
in an animal corresponds to the relative development of the spinal cord and 
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cerebrum. As a rale, also, the addition of 1 i 
with the addition of a cerebrum, and is pro : 
Between the lowest Vertebrate and Man, tb 
types of intelligence. Intelligence, however, i 
the brain (else Whales and Elephants would I 
amount of gray matter in it. A honey-comb 
structed with more care and art than the hut i 
is no test of the capability of the animal in a ; 
they are fiishioned to suit circumstances, there 
direction. 

^^ An exception to the general rule that tl ! 
j acute voices. 

' '^^ It is wanting in a few, as the Storks. 

>^ The Nightingale and Crow have vocal oi^ '•■ 
one sings and the other croaks. 

'^^ These cells are detached portions of the 
ally, these two kinds of cells are produced by \ 
cases, as the Snail, they originate in the same i 
in which the two sexes are combined, is called i 

^^ The eggs of Mammals are of nearly ui 
Insects, and most other animals are proportioi i 
the adult. Thus, the egg of the ^pyomis, th' 
gascar, has the capacity of fifty thousand Humi i 

*^* As a general rule, when both sexes are o ' 
the nest is such as to conceal the sitting Birc 
striking contrast of colors, the male being gay i 
is open. Such as form no nest are many of the 
ers, and Goatsuckers. 

'*'' This lies at first transversely to the long a i 
develops, it turns upon its side. 

"* The blood appears before the true blood-n i 
It is at first colorless, or yellowish. 

'^' Exactly as the blood in the capillaries oi 
external air. 

"^ Thus, the hollow wing-bone was at first sc 
finally a thin-walled pneumatic bone. The sol 
amples of arrested development. 

'^^ The thigh-bone ossifies from five centres, 
to one piece. 

"' Muscle is mainly fibrine and myosin, while 

"6 -pQj, ()||g reason. Mammals are called vivip 
they are as oviparous as Birds. The process 
whether the egg is hatched within the parent: 
Birds contain whatever is wanted for the develci 
heat, which must come from without. Mammalu 
their nutrition from the blood of the parent, and 

"^ The larvae of Butterflies and Moths are ( 
Beetles, grubs; those of Flies, maggots; those o 
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terms lewva, pupa^ nnd imaffo are relative only; for, while the grab and cat- 
erpillar are qnite different from the pupa, the bee-state is reached by a Tery 
gradual change of form, so that it is difficult to say where the pupa ends 
and the imago begins. In fact, a large number of Insects reach maturity 
through an indefinite number of slight changes. The Humble-bee moults at 
least ten times before arriving at the winged state. 

"^ Every tissue of the larva disappears before the development of the new 
tissues of the imago is commenced. The organs do not change from one 
into the other, but the new set is developed out of formless matter. The 
pupa of the Moth is protected by a silken cocoon, the spinning of which was 
the last act of the larva ; that of the Butterfly is simply enclosed in the dried 
skin of the larva, which is called chrysalis because of its golden spots. The 
pupa of the Honey-bee is called nymph ; it is kept in a wax-cell lined with 
silk, spun by the nursing-bee, not by the larva. The time required to pass 
from the egg to the imago varies greatly : the Bee consumes less than twenty 
days, while the Cicada requires seventeen years. 

^'' Compare the amount of food required in proportion to the bulk of the 
body, and also with the amount of work done, in youth, manhood, and old age. 

^^ Excepting, perhaps, that the new tail of a Lazard is cartilaginous. 

^" The patella, or knee-pan, has no representative in the fore-limb, and, 
strictly, it belongs to the muscular system, rather than to the skeleton. Some 
anatomists contend that the great toe is homologous with the little finger, in- 
stead of the thumb. 

199 ((xhe structure of the highest plants is more complex than is that of 
the lowest animals ; but, for all that, powers are possessed by Jelly-fishes of 
which oaks and cedars are devoid." — Miyart. 

''* It is, however, true that the number of eggs laid is proportioned to the 
risk in development. 

"* According to Mr. Darwin, the characters which naturalists consider as 
showing tiTie affinity between two or more species are those which have been 
inherited from a common parent ; and, in so far, all true classification is gene- 
alogical ; %. 6., it is not a mere grouping of like with like, but it includes like 
descent, the cause of similarity. In the existing state of science, a perfect 
classification is impossible, for it involves a perfect knowledge of all animal 
structure and life's history. As it is, it is only a provisional attempt to ex- 
press the real order of nature, and it comes as near to it as our laws do in 
explaining phenomena. It simply states what we now know about compar- 
ative anatomy and physiology. As science grows, its language will become 
more precise and its classification more natural. 

''* The term type is also used to signify that form which presents all the 
characters of the group most completely. Each genus has its typical specie^ 
each order its typical genus, etc. The word is also applied to the specimen 
on which a new species is founded. A persistent type is one which has con- 
tinued with very little change through a great range of time. The family of 
Oysters has existed through many geological ages. 

^'^ The Coelenterata and Echinodermata together make up the Radiata, 
the old subkingdom of Cuvier. Echinoderma is probably more correct than 
Echinodermata^ but we retain the old orthography. 
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*^^ Strictly speaking, no individaal is inde] 
of labor in a hive, that a single Bee, removed 
die, for its life is bound up with the whole. Ai 
its kingdom, sabkingdom, class, order, £Eimily, 
whole line of descent. 

^"^ These definitions of the various groups a; 
They are not practically very useful, as they i 
ralists. The kind and degree of difference en 
rank varies greatly with the naturalist, and the 
where the group is found. Some families of 
less than those which divide genera of Mamma 

*^^ The Millepore coral, so abundshit in the 
of Hydroids. The surface is nearly smooth, 
genbauer, Haeckel, and others hold that the A 
at all, the intenial system of canals being ho 
cavitv of other animals. 

^'^ This digestive cavity is really homologous 
fish, turned in. It is lined with ectoderm. Tfa 
such, but homologous to the digestive sac of th( 

"* Among the exceptions are Tubipora^ whic 
septa, and the extinct Cyathophylla^ whose sept 

*•* The longer septa (called primary) are the 
ones, are developed afterwards. As a rule, scl 
ous, and a section is star-like ; the sclerobasi< 
latter are higher in rank. 

"' Some Star-fishes (Solaster) have twelve 
probably, sea-water is freely admitted into the be 

"* The shell is not strictly external, like tl 
coated with the soft substance of the animal. 

"* Six hundred pieces have been counted ir 
hundred spines. The feet number about eigh: 
protruded beyond the longest spines. 

"* The classification of this edition may be C( 
mer by the following table, in which the order of 
the relation more easily. 

Former Edition. 
Subkingdom. Class, C 

'' 4. Lamellibranchiata. 

5. Gasteropoda. 

6. Cephalopoda. ] 
3. Tunicata. 
2. Brachiopoda. 
1. Polvzoa. 



III. 

MOLLUSCA. 



IV. 

Articulata. 



1. Annelida = 

2. Crustacea. 

3. Arachnida. 

4. Myriapoda. 

5. Insecta. 




392 NOTEa 

The two subkingdoms of the earlier edition are thus divided into four. The 
Classes remain the same, except the Annelida. 

"'' The most important genera are Terebratula, Rhynchonella, Discina, 
Ldngula^ Orthu, Spirifer, and Productvs. The first foar have representa- 
tives in existing seas. Most naturalists now admit their nffinity to the 
worms, although some still keep them in the subkingdom Mollnsca. 

'** There are some exceptions : the Oyster is uneqiiivalved, and the Pecten 
equilateral. 

'" The chief impressions left on the shell are those made by the muscles — 
the dark spots called *' eyes " by oyster^men ; the pallial line made by the 
margin of the mantle ; and the bend in the pallial line, called pallial stuns, 
which exists in those shells having retMctile siphons, as the Clam. 

'^ The Clam is the highest of Lamellibranchs, and the Oyster one of the 
lowest. Tlie Mya arenaria^ or ''Soft Clam,*' has its shell always open a 
little ; while Venus mercenaria^ or '' Hard Clam," keeps its shell closed. 

>^^ The Slug has no shell to speak of, and the Chiton is covered with eight 
•pieces. It may be remembered, as a rule, that all univalve shells in and 
around the United Stales are Gasteropods, and that all bivalves in our rivers 
and hikes, and along our sea-coasts (save a few Brachiopods), are Lamelli- 
'branchs. 

*** Hold the shell with the apex up and the mouth towards the observer. 
If the mouth is on his right, the shell is right-handed or dextral, if on his 
-left, sinistral. In other words, a right-handed shell is like a right-handed 
screw. 

**' Instead of a strong breathing-tube with a valve, answering for a force- 
pump and propeller, as in the Cuttle-fish, it has only an open gutter made by 
a fold in the mantle, like the siphons of the Gasteropods. The back cham- 
bers are filled with nitrogen gas. 

The common Poulpe has two thousand suckers, each a wonderful little air- 
pump, under the control of the animal's will. 

'^ The order of the classes is one of relation rather than of rank. They 
cannot be arranged serially. The Myriapods have a worm-like multiplica- 
tion of parts, degrading them, and their nervous system is simpler than that 
of Caterpillars ; yet their heads show a close relationship to Insects. The 
Arachtiids include some lower forms than Myriapods; on the other hand, 
for their wondei*ful instincts, Owen places them above the Insects. They are 
closely allied to Crustaceans, and stand more nearly between Crustaceans and 
Insects than between Myriapods and Insects. 

^^ Certain Crabs live on dry land, but they manage to keep their gills 
wet. 

^^ The student should remember that this threefold division is not equiva- 
lent to the like division of a vertebrate body. 

**^ Each ring (called somite) is divisible in two arcs, a dorsal and ventral, 
and each arc consists of four pieces. 

^** The four pairs of legs in Arachnids answer to the third pair of maxillse 
and the three pairs of maxillipedes in the Lobster. The great claws of 
Scorpions are the first maxillae of the Lobster, as are the pedipalpi of 
Spiders. 
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"' The Sorinam Toad has no tongne. 

*** The posterior pair of limbs is sometimes represented by a pair of small 
bones ; and the Boas and Pythons show traces of external hind-limbs. 

*** There are some notable exceptions. The Slow-worm is legless, and 
the Chameleon has a soft skin, with minnte scales. 

*M According to Owen ; bat Huxley insists that the plastron belongs to 
the exoskeleton. 

^*'' Knees always bend forward, and heels always bend backward. 

>M We cannot claim that this airy skeleton is necessary for flight. The 
bones of the Bat are free from air, yet it is able to keep longer on the wing 
than the Sparrow. The common Fowl has a hollow humerus ; while some 
Birds of long flight, as the Snipe and Curlew, have airless bones. 

*^* The fossil Archceopteryx, a lizard-like Bird, is placed in a separate di- 
vision, Saururcd, Birds have also been divided according to their degree of 
development at birth into (1) Hesthogenotu, as Fowls, Ostriches, Plovers, 
Snipes, Bails, Divers, and Ducks, whose chick is hatched completely clothed, 
has perfect senses, runs about, and feeds itself. When full grown, it uses its 
feet rather than wings, flying with a rapid, labored stroke, and taking the 
first opportunity to settle on land or water, not on trees ; the male is po- 
lygamous and pugnacious ; the female makes little or no nest ; and neither 
sex sings. This group is of the best use to man, and approaches more near- 
ly to Mnmmnls, the habitual use of the legs and preference for land or water 
degrading it as a Bird and raising it in the list of animals ; (2) Gymnogenaus, 
as Gulls, Pelicans, Birds of Prey, Herons, Sparrows, Woodpeckers, and 
Pigeons, whose chick comes helpless, blind, and naked; it can neither walk 
nor feed itself, but gapes for food ; the adult is monogamous, and builds 
elaborate nests in trees and perches ; many sing ; all are habitual fliers. 
These are birds par excellence^ gifted with higher intelligence than the 
others, and are never domesticated for food. 

"° Hopping is characteristic of and confined to the Perchers ; but many 
of them, as the Meadow-lark, Blackbird, and Crow, walk. 

"^ This order is artificial. But it is better to retain it until ornithologists 
agree upon some natural arrangement. The classification of birds is taken 
from Coues's **Key to North American Birds," as being the work on orni- 
thology in most general use. 

"" The Whales are hairy during foetal life only. 

*''' The Manati has 6 ; Hoflinann's Sloth 6 ; and two species of three-toed 
Sloth have respectively 8 and 9. 

"* As in the Whale, Porpoise, Seal, and Mole. Teeth are wanting in the 
Whalebone Whales, Ant-eaters, Manis, and Echidna. 

"^ The Monotremes resemble Marsupials in having marsupial bones, but 
have no ponch. They differ from all other Mammals in having no distinct 
nipples. 

"• The pouch is wanting in some Opossums and the Dasyurus. 

*" For the best account of the Elephant, see Tennant's "Ceylon" or 
Brehm^s **Thierleben." 

"" The fore-feet of the Tapir have four toes, but one does not touch the 
ground. 
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"* The extinct Horse (Hipparion) had three i 
behind. The foot of the Horse is of wonder 
constructed and placed with a view to speed 
bound together by ligaments of marvellous ten 
and cartilages to prevent jarring ; and all the 
membrane which is exquisitely sensitive, and e 
of touch, without which the animal could no i 
itself is a world of wonders, being made of pai i 
posed of thousands of minute cells, the tubular i 
are three parts, **wall," ** sole," and **frog"- I 
in the middle, which acts as a cushion to 
slipping. 

180 ^Ijq Camel and Llama are exceptional, h 
canines, are not strictly cloven-footed, having 
are hornless. 

"* The Hyena alone of the*Carnivores has oi 
and the Dog has fuur hind-toes. The Lion is t 
but not in strength. Five men can easily ho 
quires nine to control a Tiger. 

"' The eye-orbits of the Lemurs are open I 
(Galeopithecus) is considered an Insectivore. 

^^^ The old term Quddrumana is rejected beo i 
well as Men, have two feet and two hands. T ! 
difference between the feet and hands of an A ! 
hands of Man. Owen, however, with Cuvier, con i 
handed." 

*" It fails to cover in the Howling Monkey ai I 
the Squirrel Monkey it more than covers, over! | 
As to the convolutions, there is every grade, frc : 
of the Marmoset to that of the Chimpanzee or • 
below Man^s. 

"* The tailed Apes of the Old World have i 
generally have "cheek-pouches," which serve w 
stowage of food. 

"® In the human infant, the sole naturally tu 
of the embryo are longer than the legs. 

"' The Aye-aye, the lowest of the Lemurs, ii 
proportion of the cranium to the face. 
y 188 rpjjjg feature was shared by the extinct / 

some extent by one of the Lemurs ( Tarsius). 

"• We have treated Man zoologically only, 
wider question than his position in Zoology ; be i 
and psychological considerations which do not belt i 

"** See Lewes's charming ** Studies in Animal 
amination of all the strata of the earth^s crust 
mensely outnumbering all those at present known, 
fossil, we wonld have but a fraction of the whole 
been so altet^ by heat that all traces have been 'i 
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mnch more diversified now than it was in the old geologic ages ; for several 
new types have come into existence, and few have dropped oat. 

'*' Among the types characteristic of America are the Gar-pike, Snapping- 
tnrtle, Hummers, Sloths, and Musk-rat. Many of our most common animals 
are importations from the Old World, and therefore are not reckoned with 
the American fauna; such as the Horse, Ox, Dog and Sheep, Rats and 
Mice, Honey-bee, House-fly, Weevil, Currant- worm, Meal-worm, Cheese- 
maggot, Cockroach, Croton-bug, Carpet-moth and Fur- moth. Distribution 
is complicated by the voluntary migration of some animals, as well as by 
Man's intervention. Besides Birds, the Bison and Seals, some Rats, certain 
Fishes, as Salmon and Herring, and Locusts and Dragon -flies among In- 
sects, are migratory. 

'*^ When the cable between Franca and Algiers was taken up from a depth 
of eighteen hundred fathoms, there came with it an Oyster, Cockle-shells, 
Annelid tubes, Polyzoa, and Sea-fans. Ooze brought up from the Atlantic 
plateau (two thousand fathoms) consisted of ninety-seven per cent, of Fora- 
minifers. 
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AnnelideB, SC8, 11% MS. 
AnodoD, 78 ; tee Clam. 
Anoara, 818. 
Ant, 304. 

Ant-eator, 844, S88. 
AnteniiK, 177, 147. 
Anthozoa, 2S0, 88, 96, 198, 208. 
Ape, 867, 180, Sot-lt67. 
Apis, 804, 277. 
Aplysia, 274. 
Apteryx, 827. 
Arachnida, 287. 

*^ aee Ceutipede, Scorpion, Spi- 
der. 
Araneiua, 289, 18, 26, 260. 261. 

" »ee Spider. 
Ardea, 882, 818. 
Areuicola, 118, 77. 
Areolar Tisane, 86, 8. 
Argonanta, 280, 249. 
Armadillo, 186, 844, 101, 884. 
Artery, 104 
Arthropoda, 281. 

blood of, 99. 
development of, 206. 
number of, 221. 
skin of, 127. 

eee Crab, Insect, Lobster, My- 
riapoda, Spider. 
Ascidian, 806, 278, 279. 

circalation of, 107. 
month of, (M). 
skin of; 127. 
Astacns, 288, 260. 
Asteritis, 2C0. 

" see Starfish. 
Asteroidea, 268, 126, 188, 212, 218. 
Astnen, 262, 208. 
Astrophyton, 260. 
Atavism, 216. 
Attacns, 802, 274. 
Auger-shell, 27G, 288. 
Auk, 829. 
Anrelia, 248, 106. 

" «ee Jellv-flsh. 
Avet>, 326, 60, 66, 76, 106, 116, 126, 162, 
170. 

Babibusa, 69, 84. 
Baboon, 369. 
BalflBua, see Whale. 
Balanns, 284, 264. 
Barnacle, 284, 268, 264. 

metamorphosis of, 210. 

mouth of, 67. 

see Cirripedia. 
Basket-flsh, 260. 
Batrachia, 31S, 68, 66, 76, 86, 87, 296, 297. 

" see Prog. 
Bats, 346, 889, 840. 
Beaver, 346, 887... 
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Bed-bog, 99T. 
Bee, 308, 277. 
** alimenury canal of, 48. 
" eggs of, 196. 
" eye of, 166. 
" instincts of, 18J. 
** mode of feeding of, 60. 
" month of, 69, 22. 
" section of, 81. 
" temperature of, 121. 
" see Hymenoptera, Insecta. 
Beetle, 897, 267, 268. 

" alimentary canal of, 41. 

*' development of, 297, 267. 

" eye of, 182, 166. 

" month of, 67. 

" skeleton of, 292, 262. 

^' see Coleoptera, Insectu. 
Belemnite, 281. 
Bernicla, 810. 
Beroe, 267. 
Bile, 98. 

Bird-of-Paradise, 389. 
Birds, 826, 804-828. 

" alimentary canal of, 84, 60. 

** anatomy of, 60, 804. 

" beak of, 64. 

" blood corpuscles of, 99, 66. 

'' brain of, 141. 

" breathing of, 119. 

" circulation of, 107, 76^ 

" distribntion of, 878. 

" drinking of, 60. 

" egg of, 198, 162. 

♦• embryo of, 170. 

" eye of, 184. 

'* feather of, 137, 204. 106. 

" flight of, 160, 126. 

" gizzard of, 84, 384, 60. 

" heart of. 109. 

** locomotion of, 106. 

" luugs of, 118, 60. 

** month of, 62. 

" skeleton of, 148, 116. 

" smell of, 118. 

" temperature of, 121. 

" voice of, 189. 

*< wings of, 160, 804. 
Bivalve, see Clam, Lamellibranchiatn, 

Oyster. 
Blackbird, 339. 
Blastema, 38. 
Blastula, 198, 166. 
Blood, 97. 

" circulation of, 108. 

" corpuscles, 98, 99, 62-66. 

'* development of, 200. 

** functions of, 97 

" of Invertebrates, 97. 

" rate of motion of. 111. 

" temperature of, 100. 
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Bone, compoeUlOD or, UT. 

" derelopmeuiof.aos. 

" stmctnre ol, S6, 7. a 
Boa, lee Ox. 

Bracblupuda, SU, SBl, lf8. 
Brachjcephallc, SS3. 
Bnidypnt, BM 



CaUlib, 

Cell, SI 
Cemeni 
CeuUpe 
CepbHll 
Cephali 
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CircDlation In Venues, 106. 

" in Vertebrata, lOT, 281. 
*' see Heart 
Cirrlpedia,884,268,854. 
" see Barnaclfr 
Clam, 278. 

" addacton of, 4d. 
'* alimentary canal of; 80, 44, 4tt. 
" anatomy of, 46. 
" circalation in, 10& 
** ear of, 178, 160. 
" foot of, 161, 46. 
** gills of, 113, 78. 
" heart of, 106, 46. 
" hiDge of, 270. 
" locomotion of, 161. 
" month of, 56. 
" nenrons system oi; 168, 1S& 
" prehension of, 60. 
" shell of, 138, 99. 
^' siphons of, 46. 
" see Lamellibranchiata, Oyster. 
Clamatores, 338, 822. 
Class, 236. 
ClassiflcatloD, 231. 

" Table, 239. 

" synopsis of, 362. 

Claws, 196, 
Cloaca, 86. 
Clypeaster, 262. 
Coagulation, 9& 
Cochineal, 297. 
Cockle, 272, 227. 
Cockroach, 297. 
Cod, 316, 292. 

" eggs of, 196 
CoBlenteruta, 246. 

*• • uamber of, 221. 
** see Actiuoid Polyp, Hydra, 

Jelly-fish. 
Coleoptera,297, 41, 156, 267, 268. 

" see Beetle. 
Colnmbae, 323, 816. 
Condor, 386. 
Cone-shell, 276, 289. 
Conjugation, 196. 
Connective Tissue, 34, 8, 4. 
Coral, 130,251, 96, 201-208. 

" see Actiuoid Polyp. 
Corallinm, 256, 207. 
Coral reef, 264. 
Cormorant, 330, 800. 
Cornea, 183. 
Corpuscles, see Blood. 
Correlation, 218. 
Cowry, 276, 284. 
Corydalns, 296. 
Crab, 287, 267. 
" locomotion of, 162« 
" vocal organs of, 188. 
" see Lobster. 
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Crane, 332. 
Craniota, 309. 
Cranium, 141. 
Cray-fish, 282, 26a 
Cricket, 296, 264. 
Crinoidea, 268, 211. 
Crooodilia, 323, 808. 

exoskeleton of, 13S. 
heart of, loa 
locomotion of, 163. 
month of, 61, 26. 
skeleton of, 149, lia 
stomach of, 82, 49. 
see Beptilia. 
Crow, 339. 
Crustacea, 282. 

uauplius of, 211, 177. 

see Crab, Lobster. 
Ctenactis, 253, 202. 
Ctenophora, 257, 209. 
Cuckoo, 386. 
Cuculi, 336, 821. 
Curassow, 333. 
Cursores, 327, 806. 
Cuticle, 128. 
Cutis, 128. 
Cuttlefish, 280, 248. 

anatomy of, 47. 

alimentary canal of, 80, 47. 

beak of, 62, 47. 

brain of, 168, 151. 

circulation in, 107. 

ear of, 161. 

eye of, 181, 161. 

heart of, 107. 

ink-bag of, 47. 

mouth of, 67. 

pancreas of, 123. 

prehension of, 62. 

skeleton of, 134. 

Backers of, 16. 

see Cephalopoda, Squid. 
Cyclops, 284, 255. 
Cypriea, 276, 284. 
Cypiis, 284, 256. 
Cypseli, 336, 82a 

Daddt-i^no-lxqb, 289, 800. 
Daphnia, 284, 256. 
Dasypus, 344, 884. 
Dasyurus, 343. 

Decapoda (Crustacea), 286, 70, 248, 
266, 257. 
" (Dibranchiata), 280. 
Decussation, 184. 
Deglutition, 72. 
Delphinus, 349, 848. 
Demodez, 287, 25a 
Dental Formulae, 70. 
" Tissue, 38, 81. 
Dentine, 88, 66, 81. 
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Dermis, 128. 
Deyelopment, 197. 

by alternate generation, 811. 
of Bird, 199. 
ofbla8tala,198, 16l». 
of embryonic forme, 20T. 
of gastmla, 193, 166. 
of Invertebrates, 204. 
by metamorphosis, 207. 
by metamorphosis, retro- 
grade, 210. 
OTiparoas, 809. 
OTOvivipafOns, 809. 
segmentation of egg, 197. 
of Vertebrates, 206. 
yiviparoQs, 309. 
see Metamorphosis, Bepro- 
daction. 
Diaphragm, 86, 88. 
Diastema, 70, 383. 

Dibranchiata, 280, 16, 47, 151, 248, 249. 
Differentiation, 31. 
Digestion, chemical, 92. 

of Invertebrate, 92. 
ofMan, oa 
object of, 91. 
of Vertebrate, 92. 
Digitigrade, 365, 128. 
Diploria, 264, 204. 
Dipnoi, 316, 29& 
Diptera, 300, 24, 127, 178, 269, 270. 

" aee Fly, Mosquito. 
Discop^ora, 220. 
Distribution, 871-379. 
Divers, 328. 
Dog, 354. 
" brain of, 17L 
" skull of, 143. 
" teeth of, 68. 
Dolichocephalic 398. 
Dolphin, 349, 84a 

" teeth of; 68. 
Doris, 274 
Dove, 383, 816. 
Dragon-fly, 294, 268. 

" flight of, 387. 

Duck, 381, 811. 
Duck-mole, 842, 881. 
Dugong, 350. 

" heart of, 7& 
Duodenum, 90. 
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Eagle, 334, 819. 
Ear, 179, 387, 162. 
Ear-shell, 278, 286, 246. 
Earth-worm, 269. 

alimentary canal of, 77. 

circulation in, 106. 

locomotion of, 162. 

nervous system of, 166. 

prehension of, 52. 
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Fishes, heart of, 108, 4a 
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locomotion of, 159, 124. 
mouth of, 61. 
moBcles of, 157, 48. 
number of species of, 313. 
ovary of, 48. 
pancreas of, 188. 
prehension of, 54. 
scales of, 185, 102, 28S. 
skeleton of, 112. 
skull of, 13S, 112. 
teeth of, 61, 67, 82. 
Fish-hawk, 336, 818. 
Fission, 191, 180. 
Flagella, 154, 183. 
Flagellata, 243, 187. 
Flamingo, 331. 
Flea, 800. 

Flight of Bats, 161. 
of Birds, 160. 
of Insects, 15d. 
Fluke, 265. 
Flustra, 267, 220. 
Fly, BOO. 

buzzing of, 18& 
foot of, 127. 
metamorphosis of, 270l 
mode of feeding of, 50. 
mouth of. 59, 24. 
see Diptera, Mosquito. 
Fly-catcher, 338, 822. 
Flying Fox, 346.- 
Follicle, 123, 00. 
Food, 47-49. 
Foramen magnum, 172. 
Foraminifera, 51, 241, 16, 188. 
Forms of animals, 222. 
Fox, 355, 349. 
rog, 318, 297. 

alimentary canal of, 82. 
blood-corpuscles of, 99, 68, 86. 
breathing of, 119. 
circulation in, 108, 78. 
food of, 49. 
heart of, 108. 
lungs of, 118, 86. 
lymph-heart of, 96. 
metamorphosis of, 209. 
respiration in, 117-119. 
skeleton of, 119, 140, 145, 87. 
tongue of, 61. 
vertebrse of, 140, 87. 
Fmit-moth, 303, 276. 
Function, 41. 
Fungia, 252, 202. 

GALT.-BLADDEB, 124, 92. 

Gall-fly, 303. 
Ganglion, 166, 14, 148. 
Ganuet, 331. 
Ganoidei,816, 289, 29a 



Gar-pike, 315, 289. 

Gasteropoda, 20, 29, 46,100, 164, 178, 272, 

*' ue Snail. 

Gastric glands, 128, 90. 

•' juice, 93. 
Gastrula, 198, 188. 
Gavial, 324. 
Gecko, 322. 
Gelatine, 36. 
Genus, 285. 
Germinal vesicle, 198. 
Gibbon, 357. 
Gills, 114, 125, 4& 
Giraffe, 368. 
Gizzard of Invertebrates, 7 . 

** of Vertebrates. 84 
Gland, 121, 89. 

gastric, 128, 9a 

liver, 123, 92. 

pancreas, 123, 91* 

salivary, 122. 

sweat, 126, 94. 
Globigerina, 242. 
Glottis, 119. 
Glycogen, 23. 
Goatsucker, 338, 828. 
Goniavter, 260, 212. 
Goose, 331, 810. 
Gorgonia, 256, 20& 
Gorilla, 357, 867. 
Grallatores, 882, 818. 
Grasshopper, 297. 

development of^ 208w 
gizzard of, 79. 
mouth-parts of; 68, 21. 
stridulatiou, 188. 
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Grebe, 829. 
Gregarinida, 840, 184. 
Grouse, 833, 816. 
Growth, 214 
Grubs, 389. 
Gryllus, 295, 284. 
Guinea-pig, 845. 
Gulls, 329. 

H.£MATOORTA, 898. 

Haematotherma, 893. 
Hsemocyanin, 102. 
Hsemoglobin, 102. 
Hag-flsh, 64, 314. 
Hair, 136, 94, 104. 
Hair-worm, 262. 
Haliotis, 278, 286, 24a 
Hand, 359. 
Hare, 346, 888. 
Harvest-man, 289. 
Haversian Canals, 37, 7. 
Hawk, 335, 818. 
Hearing of Invertebrates, 178;^ 

" of Vertebrates, 179. 
Heart, Arthropoda, 106, 89, 7a 
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Heart, development of, 200, 168. 
" ofMollii8k8,106. 
" ofTuiiicate8,107,279. 
" of Vertebrates, 107-109, 7 1-74. 

Heat, 121. 
Hedgehog, 346. 
Helix, 275, 282. 
Hemiptera, 297, 265, 266. 
** month of, 59. 
Heron, 332, 818. 
Heterocercal, 159, 128. 
Heteromya, 272. 
Hippopotamus, 362. 

" foot of, 129, 

Histology, 12. 
Hog, 352. 

»» teeth of, 67. 
Holothnroidea, 262, 215. 
Homarus, see Lobster. 
Homo, see Man. 
Homocercal, 159, 287. 
Homology, 217. 

" serial, 218. 
Homomorphism, 217. 
Hoofs, 136, 1108. 
Hornera, 267, 220. 
Horns, 136. 
Horse, brain of, 171, 188. 

»» hoof of, 136, 164, 108, 129. 

•• skeleton of, 161, 117. 

" skull of, 144, 111. 

" splint-bones of, 207. 

<« stomach of, 88, 58. 
Horse-fly, mouth of, 60, 24. 
Horseshoe-crab, 284. 

" " jaws of, 53. 

" " skeleton of, 181. 

Hammer, 336. 
Hyalea,274, 229. 
Hydra, 246, 191. 

•' budding of, 192. 
*» digestive cavity of, 76. 
** nerve-cells of, 168. 
" repair of, 215. 
Hydroid, »ee Hydrozoa. 
Hydrozoa, 246, 178, 191-196. 
development of, 205. 
metamorphosis of, 212. 
*♦ see Jelly-fish. 
Hyena, 366. 
Hymenoptera, 303, 22, 42, 81, 277. 

" aee Bee- 

Ilypoblast, 199. 

Ibis, 332. 
ichneumon, 304. 
Ichthyopsida, 309. 
Ichthyosaurus, 324. 
Idotia, 286, 251. 
Iguana, 322. 
Incisors, 6S. 
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Jelly^lBh, eye of, 180l 

** mode of feeding of, Rl. 

" moath of, 66. 

•• nerves of, 168. 

" netUe-oells of, 61. 

'* reprodaction of; 212. 
Joints, 147. 
Joins, 291. 



Kanoaboo, 88, 34B. 
Kidney, 126, 41, 98. 
King-crab, see Horseshoe-crab. 
Kingfisher, 836, S27. 
Kite, 336. 

Labitth and Labbuic, 6S, 21. 
Labyriuthodontia, 318. 
Lacerta, 321, 800. 
Lacertilia, 321. 
Lachnosterua, 297, 267. 
Lacteals, 94, 60. 
Lacnnae, 37, 8. 

LamellibrauchiaU, 270, 44, 46, 78, 09, 

185, 160, 224-227 
" eye of, 181, 16& 

** see Clam. 

Lamellirostres, 331, 811. 
Lamprey, 286. 
Lamp-shell, 266, 221. 
Lancelet, 310, 282. 
Ltind-snail, 276, 282. 
Lark, 340. 
Larynx, 189, 169. 
Lasso-cells, 61. 
Leech, 268. 

" alimentary canal ot, 77. 
Jaws of; 64. 
locomotion of, 161. 
mode of feeding of, 60. 
Lemur, 365, 861. 
Lepas, 284, 25a 
Lepidoptera, 300, 48, 172. 
*' 9ee Bntterfly. 

Lepidosiren, 317. 
Lepidostens, 316, 289. 
Libellnla, 294, 26& 
' Life, distribntion of; 372. 
" duration of, 226. 
" nature of, 28. 
** struggle for, 227. 
Lightning-bug, 299. 
Ligula, 68, 21. 
Likeness, 216. 
Limax, 276, 282. 
Limbs, development of; 204i 

" skeleton of, 146. 
Limnsea, 276, 282. 
Limpet, 278, 246. 
Limnlus, 284. 

aee Horseshoe-crab. 
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Lion, 386. 
" foot of; 128. 
" skeleton o^ 106. 
" stomach of, 88, 66. 
Liver, 123, 92. 
Lizard, see Lacertilia. 
Lobster, 106, 70,266. 

" alimentary canal o^ 78. 
** anatomy of, 282. 
" circulation in, 106, 70. 
*' ear of, 179. 
" eggs of, 196. 
" gills of, 114 
' gizzard of, 64. 
** locomotion of; 168. 
" moulting of; 132. 
" mouth of, 67. 
** prehension of; 63, 67. 
** respiration in, 114. 
<• skeleton of, 131. 
Lob-worm, 77. 

Locomotion of Arthropoda, 162. 
" of Birds, 160. 

•* of Fishes, 168. • 

" of Insects, 169. 

" ofMollu8ks,161 

" of Starfish, 161. 

" of Vertebrates, 163. 

•* of Worms, 161. 

Locust, 297. 
Loligo, dee Squid. 
Longipennes, 329, 808. 
Loon, 328, 807. 
Louse, 297, 50. 
Lucemaria, 197. 
Lumbricus, 9ee Earth-worm. 
Lungs, function of, 126. 
" of Snail. 116. 
** surface of, 386. 
" of Vertebrates, 117, 
Lymph, 102. 
Lymphatics, 94, 61. 
Lymph-heart, 96. 

Maotba, 271, 46, 226. 
Madrepore, 252, 201, 206. 
Madreporic plate, 258, 89. 
Maggots, 389. 
Mammalia, 309. 

alimentary canal of, 85. 

anatomy of; 87, 62. 

blood-coipuscles of, 99, 66. 

brain of, 171, 188, 142-146. 

circulation in, 109, 76, 281. 

digestion of, 92, 61. 

drinking of, 60, 

ear of, 179, 152. 

egg oi^ 198, 166. 

embryo of, 202, 171. 

eye of, 183, 167. 

hair of, 136, 104. 
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Mammalia, heart of, 109, 78, 74. 
locomotion of, 163. 
longs of, 118, 86. 
mouth of, 62. 
palate of, 86, 27, 61. 
placenta of, 196, 208, 171. 
respiration in, 120. 
skeleton of, 139. 
smell of, 178, 140. 
teeth of, 68. 
toQch of, 177. 
voice of, 189, 159. 
Man, 369. 
*' blood-corpuscles of, 99, 62. 
brain of, 170, 171, 187, 144, 146. 
digestive tract of, 51. 
ear of, 179, 152. 
eye of, 198, 157. 
mouth of, 86, 27. 
muscles of leg of, 166| 180. 
nose of, 178, 149. 
Manatee, 360, 848. 
Mandibles, 68, 21. 
Mantis, 63. 
Mantle, 127, 46. 
Marsipobrauchii, 314, 286. 
Marsnpialia, 342, 882. 
Mastodon, 360. 
May-fly, 295. 
Meandrina, 262. 
Medulla oblongata, 172. 
Medusa, see Jelly-fish. 
Megatherium, 344. 
Melania, 278. 
Menobranchus, 317, 294. 
Mesentery, 83. 
Mesoblast, 199. 
Metamorphosis, 207. 

of Crab, 209. 
of Frog, 209. 
of Insect, 208. 
of Grasshopper, S08. 
of Starfish, 208. 
Metazoa, 244. 
Millepede, see Myriapoda. 
Millepore, 391. 
Mimicry, 217. 

Minerals and Organisms, 19. 
Mite, 287, 258. 
Molar Teeth, 69. 
Mole, 346. 
Mollusca, 269. 

absorption of, 94. 
anatomy of, 45, 46, 47, 78. 
circulation in, 106. 
development of, 206. 
digestion of, 92. 
distribution of, 377. 
growth of, 214. 
kidney of, 126, 78. 
liver of, 124. 
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Motoi 
Moult 
Mouse 
Moutti 
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MUCOUfi 

Mud-fls 
Murez, 
Mus,34i 
Musca, I 
Muscle, 
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Mjrmecdphaga, 344. SS8. • 

Mytilus, STO, 285. 

Nails, 18(k 
Nnrwhal, 28S, 68. 
NaUtores, 338, 
Natica, 27a 
Natural SelecUon, 2S7. 
NaapIlaB,811,177. 
Naatilns, 279, 247. 
Nematelminthes, 266, 218. 
Nereis, S68, 17. 
Nerve^wlls, 40, 182. 
fibres, 40, 18. 
kinds of, 167. 

velocity of impulse of^ 167. 
Nerrons System, 168. 

of Artiiropoda,169. 

Brain, 170. 

development of, 199, 67. 

ofMolla8k8,168. 

Spinal Cord, 175. 

of Starfish, 168. 

Sympathetic, 175, 146. 

of Vertebrates, 169. 

of Worms, 163. 
Nenroptera, 294, 268. 

" see Dragon-fly. 

Nenroskeleton, 141. 
Newt, 318, 296. 

Nomenclature, Zoological, 236. 
Notoctaord, 200, 167. 
Nucleolus, 31, 1. 
Nucleus, 31, 1. 
Nummulite, 242. 
Nutrition, 46. 
Nymph, 377. 

OORI.LI, ISl. 

Octopus, 280. 
(Esophagus, 86. 
Olfactory Lobes, 172. 

" Nerves, 178. 
Olive-shell, 27& 
Oniscus, 286. 

Operculum, 114, 134, 228. 
Ophidia, 320. 

' " see Snake. 
Ophinra, 200. 

Opisthobranchs, 274, 362, 280, 281. 
Opisthocoelous, 383. 
Opossum, 342, 882. 
Optic Lobes, 172. 
Orang-utan, 367, 858, 855. 
Order, 236. 
Organ, 41. 
Organization, 30. 
Organ-pipe Coral, 261, 200. 
Oriole, 839. 

Omithorhynchns, 342, 881. 
Orthoceras, 287. 



It 



II 



II 



11 



Orthoptera, 217, 296, 21, 264. 
'* see Grasshopper. 

Orycteropus, 34^ 
Oscines, 838. 

Osseous Tissue, see Bone. 
Ossification, 37, 203. 
Ostrea, 278. 

•• see Oyster. 
Ostrich, 827, 805. 
Otoliths, 178, 156. 
Ovipositor, 293. 
Owls, 886, 817. 
Ox, alimentary canal of, 90. 
" foot of, 362, 120. 
" teeth oi; 362. 
" see Ungulata. 
Oyster, anatomy of, 80, 44. 
development of, 206. 
eggs of, 196. 
heart of, 106, 44. 
month of, 56. 
prehension of, 50. 
" respiration in, 113. 
" see Clam, Lamellibranchiato. 

Palatb, 61. 

Pallial Sinus, 271, 90. 

Palpi, 58, 21. 

Paladinn, 278, 244. 

Pancreas, 123, 91. 

Pancreatic Juice, 93. 

Pangolin, 344. 

Paper Nautilus, 280, 249. 

Papilio, 303. 

Papillae, 123, 148. 

Paramecium, 243, 1S8. 

" see lufusm'ia. 

Parrot, 337, 820. 

•' tongue of, 62. 
Partridge, 833. 
Patella, 278. 
Pavement-teeth, 67, 82. 
Pearl-oyster, 224. 
Pectoral Arch, 146. 
Pedicellaritt, 77, 97. 
Pedipalpi, 288. 

" see Scorpion. 
Pelias, 320, 298. 
Pelican, 331. 
Penguin, 329, 806. 
Pennatnla, 256, 208. 
Pentacrinus, 25S, 211. 
Pepsin, 93. 
Peptone, 93. 
Perch, skeleton of, 112. 
Perchers, 337. 
Periosteum, 138. 
Peristaltic Movement, 89. 
Periwinkle, 278. 
Petrel, 330. 
Petromyzon, 314, 286. 
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PharyDgobranchii, 310, 282. 
Pharyiix, 85. 
Phensaut, 833. 
Phoca, 354. 
Pbysalia, 846, 194. 
Pbyseter, 848, 841. 

' •* »U Whale. 
Picarifc, 335. 
Pici, 336, 820. 
Pigeon, 883, 816. 
Pmuigrade, 364, 128. 
PliK)e8,310, 48, 61, 65, 75, 102, 112, 128, 

124, 189, 288-298 
" .seeFUh. 
PlaetBta, 196, 171. 
Plaiiaria, »64, 217. 
Plant, 22. k 

food of, 25. 
fuuctiuus of, 24. 
Plantigrade, 855, 128. 
Plant-lonse, 297. 
Plasmil of blood, 98. 
Plastron, 328. 
Platybelmintbes, 264, 216, 217. 

*• see Tape- worm. 

PlatyonychuB, 887, 257. 
Pleurobrachia, 257, 209. 
Plover, 382. 
Poisou-faugP, 68, 88. 
PolyciBtino, 242, 186. 
Polyp, 250. 

•' see Actinia. 
Polyzoa, 266, 220. 
Pond-snail, 275, 282. 
Porcupine, 346. 
Poritee, 252. 
Porpoise, 88, 349, 54. 
Portal circulation, 307, 385, 281 
Portuguese Man-of-war, 246, 194. 
Potato- worm, 303. 
Poulpe, 280. 

Prairie Chicken, 333, 815. 
Primates, 356, 85, 120, 148-145. 8o2-3oS. 

brain of, 148-145. 

skeleton of Chimpanzee, 120. 

teeth of Chimpanzee, 85. 

see Ape, Man, Monkey. 
Proboscidea, 350, 86, 119, 129. 
Proboscis of Butterfly, 59, 28. 

'* of Elephant, 62, 119. 
Procoelous, 383. 
Prognathous, 393. 
Prosobranchs, 278, 284-246. 
Proteus, 318, 295. 

** blood-corpuscle of, 99, 65. 
Protista, 21. 
Protoplasm, 31. 
Protopterns, 316, 298. 
Protozoa, 238. 

number of species of, 221. 

see Amoeba, lufusoriti. 



Ps 
Ps 
Ps: 
Ptt 

Pul 
Pnl 
Puj 

Pyi 

Qui 

Kac 

Rad 

Rad 

Rail 

Ran 

RaU; 

Ran: 

Rapt 

Rase 

Rat, 

Ratil 

Rattl 

Rave 

Rtty, 

Razo 
Redsi 
Repa: 
Repr( 



<( 






<i 



t( 



(I 



Reptil 

It, 



4( 

ii 

»( 

i( 

<( * 

II 

It 

II 

II 

It 

II 

Respirn 

ti 

(I 
i( 
ti 
ti 
It 
(I 
It 

Rele mil 



410 



INDEX. 



Detina, 188, 168. 
Uhea, 327. 

RhiuoceroB, 361, 844. 
RhiBopoda,840, 16, 186, 186. 
** skeletun of, 129. 

Rodentia, 346, 886, 886, 887. 

'* teeth of, n, 886. 
Rolifera, 866, 219. 

** jawB of, 64 
Radimentary Organs, 207. 
Ranilnaiitia, 361. 

stomach of, SS, 66. 
Me Ox, UugulHta. 
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Salamamdbb, 318, 296. 

" metamorphoBis of, 174. 

Saliva, fanction of, 93. 
Salivary Glands, 129. 
Salmon, 316, 986. 
Sand-flea, 284, 269. 
Sandpiper, 332, 819. 
Sarcolemma, 39, 204. 
Saaropsida, 309. 
Saurnrse, 394. 
Scales of Buttei-flies, 801, 972. 

" of Fishes and Reptile8,136, 109,288. 
Scallop, eye of, 181, 168. 

" shell of, 272. 
Scapnlar Arch, 146. 
Scarabaeas, 299. 
Scarf-skin, 12a 
Sclerobase, 129. 
Scleroderm, 129. 
Sclerotic, 188. 
Scolopendra, 291, 269. 
Scorpion, 288, 269. 
" month of, 60. 
" respiration in, 116. 
Sea-anemone, see Polyp. 
Sea-blnbber, 247. 
Sea-bntterfly, 273, 229. 
Sea-fan, 266, 208. 
Sea-hare, 274. 
Seal, 366, 128. 
Sea-lemon, 274. 
Sea-lily, 268, 211. 
Sea-lion, 365, 860. 
Sea-slug, 274. 
Sea-nrchin, 261^ 2X4. 

absorption by, 94. 

alimentary canal of, 76. 89. 

anatomy of, 89. 

circulation in, 106. 

digestion in, 92. 

growth of, 214. 

mode of feeding, 62. 

month of, 66. 

respiration in, 112. 

shell of, 98. 

skeleton of, 130, 96. 

spines of, 130, 97. 
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Sea-archin, teeth of, 64, 28. 
Sea-worm, 268, 17, 228. 
Secretion, 121. 

" see Gland. 
Segmentation of egg, 197, 166. 
Self-division, 191, 16a 
Sensation, 176 
Sense of hearing, 178. 
" of sight, 180. 
" of smell. 177. 
" of taste, 177. 
" of touch, 176. 
Sense-organs, see Sense. 

** development of, 204. 

Sensibility, 176. 
Sepia, 280, 248. 
Serpent, see Snake. 
Sertularia, 247, 199. 
Semm, 98. 
Settt, 269. 

Setophaga, 340, 826. 
Seventeen-year locust, 297, 266. 
Shark, 314, 287. 

eggs of, 194, 164 
gills of, 114, 287 
skeleton of, 137, 146. 
Shells of Crustacea, 131. 
" of Echinoderms, 130. 
" of Mollnsks, 133. 
Shonlder-girdle, 146. 
Shrew, 63, 346, 88a 
Shrimp, 286. 

Sight, of Arthropods, 181. 
of Coelenterates, 180. 
ofMollusks, 181. 
•' of Vertebrates, 182. 
Silk-gland, 40. 
Silk-worm, 303. 
Simia, 868, 868, 866. 
Sinuses, 138. 
Siphonophora, 243, 194. 
Siphuncle, 279, 947. 
Siren, 318. 

Sirenia, 349, 78, 84a 
** see Dngong. 
Size of Animals, 221. 
Skeleton, of Arthropoda, 131. 
oPBird8,116, 144. 
of Coelenterates, 130. 
of Kchinoderms, 130. 
ofFish, 138, 144,112. 
of limbs, 146. 
Lion, 139, 116. 
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Mammals, 139, 106, 114, 117- 
120. "^ 

Mollnsks, 133. 
Reptiles, 118, 116. 
ofskull, 141, 108, 111. 
of Vertebrates, 134. 
of Whale, 114. 
see Exoskeleton. 
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Teeth, of Amphibia, 67. 

*" of Fishes, 61, 66, 67. 

'* of Invertebrates, 63. 

** of Mammals, 68, 70. 

*' of Reptiles, 67. 

** stracture of, 38, 66, 9, 81. 
Teleostei, 31B, 284, 290-29S. 
TelsoD, 282. 

Temperature of Animals, 121. 
Tendon, 36. 
Tentacie, 61. 
Teut-caterpinar, 808. 
Tern-.es, 29& 
Terebra, 278, 288. 
Terebratnla, 267, 222. 
Terebratalina, 267, 221. 
Termite, 295. 
Tern, 329, 808. 
Testndo, see Turtle. 
Tetrabranchs, 279, 247. 
Tetradecapods, 2^, 251, 252. 
Thoracic duct, 95, 61. 
Thorax, 119, 88. 
Thoruback, 315, 288. 
Thousand-legged Worm, see Jnlus. 
Thrush, 340. 
Thylacinns, 343. 
Thyroid Cartilage, ^89, 159. 
Ticks, 288. 
Tissue, 33. 
Toad, 318. 

Tongue, of Batrachians, 61. 
of Birds, 62. 
of Fishes, 61. 
" of Insects, 60,5a 
of Mammals, 63. 
of Mollusks, 62. 
" of Spiders, 60. 
Top-shell, 278, 242. 
Tortoise, 323, 802. 

'* see Turtle. 
Totipalmates, 330, 809. 
Toucan, 335. 
Touch, 176. 
Trachea, 119. 

Tracheae, 114, 40, 79, 80, 81. 
Trichina, 266, 218. 
Tridacne, 272. 
Trilobite, 284. 
Trionyx, 322. 
Triton, 318, 296. 
Tritonian, 274, 280. 
Trocliosphere, 211, 175. 
Trochus, 278. 

" embryo of, 211, 176. 
Trogon, 335, 821. 
Tubipora, 252, 200. 
Tnnicata, 305, 278, 279. 
" see Ascidians. 
Turbo, 278, 242. 
Turkey, 333. 



(t 



(( 



« 



«i 



«( 



(i 



<( 



ft 



t( 



M 



Tnrritella, 278. 
Turtle, 322, 801, 802. 

alimentary canal of, 82. 

breathing of, 119. 

mouth of, 61. 

shell of, 135. 

skeleton of, 115. 

see Chelonia. 
Tusks, 383. 
Types, 233. 

Umgulata, 351, 58, 56, 108, 111, 117, 118, 
129, 188, 844, 845. 
*• feet of, 129. 

Unio, 272. 

" eggs of, 196. 
Univalve, see Snail. 
Urodela, 317, 294-296. 

Vauiation, 216. 
Variety, 235. 
Veins, 104, 67. 
Veliger, 211, 176. 
Vena cava, 104. 
Venus, 272. 
Venus'-basket, 246. 
Vermes,263, 17, 77,175. 

" see Earth-worm, Worms. 
Vertebi-se, development of, 203. 

kinds of, 140, 106, 107. 
number of, j.40. 
Vertebratn, 306. 

absorption in, 94. 
alimentary canal of, 80. 
blood of, 98. 
brain of, 170. 
circulation in, 107, 281. 
development of, 205. 
digestion in, 92. 
ear of, 179. 
exoskeleton of, 134. 
eye of, 183. 
gastric glands of, 123. 
heart of, 107. 
" kidney of, 126. 
" liver of, 124. 

" lungs of, 117. 

mode of feeding of, 54. 
mouth of, 60. 
muscles of, 166. 
" nervous system of, 169. 
" number of species of, 221. 
" pancreas of, 123. 

salivary glands of, 122. 
skeleton of, 137. 
skin of, 128. 
stomach of, 80. 
teeth of, 66. 
tongue of, 60. 

see Bird, Crocodile, Fish, 
Frog, Mammal, Reptile. 
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